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PBEPACE. 



Mt object in printing the following pages is 
to present to the pubhc those principles of venti- 
lation which have been, for the most part suc- 
cessfiiUy, applied in Europe, and also to offer 
such suggestions and arrangements as seem best 
fitted to answer the desired purpose in this 
climate. 

It must not be supposed, however, that any 
system of ventilation can be carried into suc- 
cessfiil operation, unless it receives the attention 
of some competent persons. The circumstan- 
ces, for instance, under which members of the 
legislature and of the bar are placed, are con- 
stantly varying with the number of persons 
present, and the external temperature ; if the _ 
quantity of air and its temperature are not made 
to vary accordingly, nothing like a comfortable 
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and healthy atmosphere can be preserved. No 
system can be made self-acting.* 

I hardly need mention, that it is a matter of 
impossibility that the same ventilating arrange- 
ments should be applicable to entirely different 
structures, — to large public halls arid to dwellingr 
houses ; and yet, in the view of some, it would 
appear that there is but one system, and that 
this, whether applicable or not, must be adopted, 
whenever ventilation is required. 

The plan which I have followed in treating 
the subject has been, — 

First, to describe the laws and properties of 



■^p" 



* I have been led to make theee remarks from seeing the ^1* 
lowing paragraph in the London Times of November 3, 1845 : — 

" Centre Criminal Court, — The counsel hoped to be excused, 
if he suggested to his Lordship that he should use his influenec 
with the city authorities to relieve the bar, and indeed eyexy por^ 
son sitting in the body of the Court, from the intolerable annoy- 
ance which arose from the operation of Dr. Reid's system of ven- 
tilation. At one moment they were exposed to a volume of hot 
air which was insupportable, and at another to blasts of oold wind 
blown into the Court by workmen engaged outside. He could 
assure the Court that it was almost killing his brethren of the bar, 
two of whom were now suflfering in consequence of their attend* 
ance in Court, and consequent exposure to those varied currents, 
during the present session." 

Now for the particular arrangements in' this single case I cannot 
answer, and what is meant by Dr, Reid^s system of ventilation I 
cannot say ; it is dear, however, from ^the statement, that there 
was sufficient power and sufficient range of temperature, but they 
were not properly regulated. To whom the duty of regulating 
them belonged, it is easy to see. 



generally ; especially the law of their 
difiijsioa, so important in its influence upon ven- 
tilation. 

Secondly, the chemical and physical proper- 
ties of the atmosphere. 

Thirdly, the processes by which atmospheric 
air may become vitiated ; particularly the pro- 
cesses of respiration and combustion, and the 
nature of the gases produced by them. 

Fonrthly, the means by which impurities, 
whether chemical or mechanical, may be re- 
moved from atmospheric air. 

Fifthly, the principles of the movements in- 
duced in air by heat, especially those occurring 
in apartments and in chimneys. 

Sixthly, the moving power best adapted to 
ventilation, and the quantity and qualities of the 
air which should be supplied. 

Lastly, the mechanical arrangements best 
adapted to effect the ventilation of the various 
structures to which they are applied. 

It was my intention to have added a second 
part, on the Art of Warming; but the size 
which the volume has already reached renders 
it necessary to postpone that portion of the 
work. 



CjtKBHiDGE, June 10, 1643. 
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INTRODUCTION. 



General GoCBiderationB with Regard to the Atmoapiiere, — lu Anily- 

ais. — Air the Origin of nil organized Bodies. — Analysia of Flanla. 
— The; decomposB Carbonic Acid and litierate Oiygen. — Aniinnls 
coDiome Oxygen and liberate Carbonic Acid. — BaJance of At- 
moajdiere preserved. — Influence of DifTuBion of Gnsea iLod of 
Winds. 

Organic Chemistry has taught us that plants and 
animals, all organized bodies, not only depend upon 
ihe AiK for the continuance of life, but diat it Is the 
origin of ihe materials of which these bodies are com- 
posed. A knowledge of its constituents and of the 
changes it undergoes in these forms, so different from 
that in which we are accustomed to find it, cannot but 
be important ; for a change in its sensible properties, or 
even in tlie proportions of its elements, must have an 
influence upon its dependents. As it is the object of 
ventilation to afford a constant supply of pure air, and 
remove that which has been deteriorated, it should be 
our first care to understand the properiies of pure air, 
and the means by which ils purity is preaetved. 
1 



i 

I 



WITH REGARU TO THE ATMOSPHERE. 

A portion of mercury heated to nearly its boiling point 
ID atmospheric air confiDed in a vessel, and agitated with 
changed in ils appearance, and a part of the air dis- 
appears. On removing the mercury, it will be found to 
have become heavier in proportion to the weight of the 
air which has disappeared. If it is healed in a close ves- 
sel, to which is attached a proper apparatus for collecting 
any gases which may escape, the metal will regain its orig- 
inal weight, and give up a portion of gas exactly equivalent 
to that which was lost by the confined air. This gas is 
called oxygen; it possesses cerlain properties, — among 
others, that of supporting combustion and animal life. 
A portion of water in which lime has been dissolved 
being added to the air first mentioned, and agitated with 
it, will become turbid, and a while powder will be depos- 
ited, and the air will again have suffered a slight diminu- 
tion of weight. This powder, when treated like the mer- 
cury, will also give up a portion, but a very much smaller 
portion, of gas, which will be equal in weight to that lost 
by the air. This second gas is called carbonic acid ; 
it is heavier than common air, and can be poured from 
one vessel into another like water ; it neither supports 
combustion nor animal hfe. If we now examine the 
remaining air, we shall find, tbat, like carbonic acid, it 
supports neither combustion nor animal life, and that it is 
lighter than common air ; this is nitrogen gas. Oxygen 
and nitrogen have never been decomposed ; they are con- 
sidered elementary bodies. 

By this supposed process we have discovered thai 
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the air we breathe is composed of three gases, oxygen, 
nitrogen, and carbonic acid. Its analysis has occupied 
the aiteotiou of the ablest chemists, and now that accu- 
rate modes have been adopted their results are nearly 
idenlica), namely: oxygen, by weight, 23.02 parts ; niiro- 
gen, 76.98 ; or by volume, 208 parts of the first to 792 
of the second, the volume of carbonic acid varying be- 
tween four and six ten- thousandths. Besides these gas- 
es, atmospheric air contains a quantity of water in the 
form of vapor, its amount being determined by tlie tem- 
perature and other circumstances ; it is the condensa- 
tion of this vapor which constitutes rain. 

Carbonic acid and water may be further decomposed. 
The former may be shown to consist of two substances, 
— oxygen gas, and a solid, composing die principal part 
of charcoal and almost the whole of anthracite coal, 
called carbon. Water may also be shown to consist of 
oxygen gas,andof another very light gas called /lyrfrog-en, 
which is inflammable, but does not support combustion. 

We have said that organic chemistry points out t!ie 
air as the origin of all organized bodies. A careful 
analysis of tlie leaf or stem of a plant has demonstrated, 
that, when the earthy matter, which serves as a skeleton 
or framework on which the living matter may be laid, is 
removed, the remainder consists for the most part of 
but three constituents, carbon, oxygen, and hydrogen ; 
these three are essential to its existence, — a fourth, ni- 
trogen, being necessary for certain processes only. But 
all these gases, we have seen, exist in the a« ■, 'wSa-ao^. 
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impossible, then, strange as it may appear, that plants may 
liave been derived from it. But this has been put be- 
yond doubt by actual experiment. Peas have beeo 
sown in flint-sand, which had been heated to redness to 
deprive it of organic matter, — have been watered with 
distilled water only, and the windows of the room kept 
closed,*— and yet at the end of ninety-nine days they had 
more than trebled their weight. Whence could this or^ 
ganic matter have been obtained but from the air ? The 
air-plant will flourish, although it has no connection with 
the ground, adhering to the branch of a tree by its slight 
roots for support merely. Although it is thus clear that 
the smaller and apparently less useful plants may and do 
obtain their elements from the air, and during their decay 
return a portion of them to it, leaving the rest to form a 
vegetable mould, the larger plants do not derive their 
constituents so directly from the same source. To 
flourish and yield their full crop, they require a soil into 
which they may strike their roots, and this is afforded 
by the plants just mentioned. It is probable that these 
last play, in a degree, the part which all edible plants do 
to animals, — that they prepare organic elements for their 
support. But the air is no less the origin of the larger 
and more productive plants because it has passed through 
the smaller in its progress to them. The carbon which 
forms so large a part of all trees is undoubtedly derived 
from the atmosphere, absorbed directly by the leaves, or, 
indirecdy, through the medium of rain-water applied 
roots. Still} the question arises, How is this- gas 
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decomposed and its carbon appropriated ? for it is known 
to chemists to be decomposed only bj strong heat or 
active reagents. The mode of decomposition we can- 
not explain, but we know that plants exposed to the sun-* 
light have this wonderful property. The green parts of 
plants have the property of absorbing so completely the 
chemical rays of the sun-light, that they are never repro- 
duced in the Daguerrian landscape. In the leaves, the 
watery portion of the sap is evaporated and the nutri- 
tive parts concentrated, the carbonic acid decomposed 
and its oxygen liberated. We see, then, that the con- 
stant action of plants, during their whole period of 
growth, is in the production of organized matter and 
the liberation of oxygen. 

If we now turn to the animal kingdom, our attention 
is immediately arrested by the fact, that, unlike plants, 
animals produce no organized substances, but consume 
them.* The tissues of animals, widely as they differ 
in appearance, are discovered upon analysis to consist 
mainly of but four elements, oxygen, hydrogen, carbon, 
and nitrogen, the last being the only one which does not 
necessarily exist in ail plants. During this consumption 
or combustion of organized matter, animals are constant- 
ly returning to the atmosphere, by respiration, carbon in 
the form of carbonic acid, and hydrogen in the form of 
aqueous vapor. The various tissues are as completely 
oxidized by their union with the oxygen of the air in this 

* See Appendix, No. I. 
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process, as they would have been, had the combinatioD 
taken place with the evohition of light and mtense heat* 

Hence we see that the vegetable kingdom is the great 
laboratory of organic life, forming not only what is requir- 
ed for its own existence, but that which goes to the sup- 
port of all animated nature. From this source is de- 
rived the animal structure of the herbivoray who in their 
turn nourish the camivora ; and these last, sooner or 
later, by respiration during life or decomposition after 
death, restore to the air all they have received from it. 
Plants produce, animals destroy ; each eliminates what 
the other consumes. 

The mutual influence of animal and vegetable life is 
well illustrated by the following experiment. Into a 
glass vessel filled with water put a sprig of a plant and 
a fish ; let the vessel be tightly corked and placed in the 
sun. The plant, under the influence of solar light, will 
soon commence the process of liberating oxygen ;. this, 
being absorbed by the water, is respired by the fish, which 
in its turn gives out carbonic acid to be decomposed by 
the plant. Remove the vessel from the sun-light, the 
plant will cease to give out oxygen, and the fish soon 
languish, and revive when replaced in the light. The 
moving power in this beautiful system is the solar light. 
The balance is thus preserved, and the atmosphere, even 
if of limited extent, cannot be sensibly changed through 
all time. 

It is not intended to intimate that it is in the removal 
of carbonic acid from the atmosphere that plants are 
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most essential to animals, — the supply of organic matter 
ready for assimilation is of more immediate importance 
than thby — but to sbow tbat their influence is mutually 
conservatire, preventing that change m the constituents 
of the atmosphere which would eventuallg be fatal to 
organic 1&.* 

The {oHawin^ calculation, by Dumas, will sbow, how- 
ever, that the danger of any such event would be by no 
means imnunent, with the present extent of atmosphere. 
'^ The air which surrounds us weighs as much as 581,000 
cubes of copper, 3,273 feet by the side ; its oxygen equals 
in weight 134,000 of these same cubes. Supposing the 
earth peopled with a thousand million men, and animals 
equivalent to three thousand million of men, they would 
not together consume in a century a weight of oxygen 
equivalent to sixteen of these cubes of copper, while 
the air contains 134,000 of them. It would require- 
10,000 years for this number of men to produce a sensi- 
ble effect on the eudiometer of Volta, even supposing aB 
vegetable life annihilated ! " 

It may be supposed, however, that, where animals are 
assembled in great numbers, and the processes of com- 
bustion, which also produce carbonic acid, are going on 
rapidly, uninfluenced by vegetation, as in large cities, 
carbonic acid may accumulate and become injurious to 
life. Delicate analysis detects a slight difl^erence in this 
respect between the air of a dense city and that near 



* For an excellent account of the reciprocal inflaence of plants and 
animals, see Professor Asa Graj*8 Botanical Text- Book. 
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the luxurious vegetation of the country ; it would sk 
doubtedly be much greater, were it not for the remarka- 
ble property wltich all gases possess of diifusbg them' 
selves through each other's masses, more slowly it ia true, 
but wllh as much certainly, as they rush into a vacuum. 
The influence of winds, also, sweeping through properly 
arranged streets, under ordinary circumstances, effectually 
prevents any such accumulation. The air ai the equator 
snd between the tropics, espaoded by heat, and urged 
by i!ie colder atmosphere pressing from the poles to- 
wards the same points, rises and diffuses itself through 
the upper air, and effectually prevents all stagnation. 

We have here indicated the means employed for the 
ventilation of the globe, constantly aciiog according to 
fixed, and, for the most part, well understood laws. Il 
is by attention to these same laws that we may hope to 
establish the aeration of our dwellings upon correct prin- 
ciples, and prevent the injurious effects which must 
ily follow from their neglect. 
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The various aeriform fluids are iJivided into vapors 
and gases ; sieam is the most familiar example of the 
6rst, and atmospheric air of the second of these divisions. 
When water is heated above the temperature of 212^ 
Fah., it takes the form of steam, and follows all the laws 
of gases, and becomes like them perfectly elastic, com- 
pressible, and movable. This last property is such, thai, 
however slightly we diminish the pressure upon any one 
portion of a gas, that which surrounds it instantly 
rushes in to restore the equilibrium, and it thus becomes 
the most delicate balance conceivable. Ahhough gases 
oppose so httle resistance to bodies moving through 
them, if their particles are brought within a certain dis- 
tance of each other, they exhibit all the properties of 
solids. One of them, carbonic acid, under the influence 
of pressure and great cold (ihe cold being produced by 
the expansion which a portion of the gas in the liquid 
slate undergoes when relieved oT the pressure), has been 
made to assume the form of a white, friable solid, not 
unlike chalk or magnesia. Other gases become \vi^\4 



under different pressures ; and it Is supposed by geolo- 
gists that atmospheric air, although it has as yet never 
been reduced by art, may nevertheless be liquid io 
cavities subjected to immense pressure in the lower 
strata of the globe : it has also been imagined that iHe 
whole globe itself, under the influence of heat, once exist- 
ed in the form of vapor or Jire-mist. Hence we see 
that vapors and gases difTer in degree only, and have 
reference to the temperature and pressure to which they 
are ordinarily subjected. 

Gases are perfectly elastic bodies. The elasticity 
of solids is within certain limits only ; the best springs of 
locomotive engines and carriages seem capable of suffer- 
ing but a limited number of bendings before they break. 
Air remains constantly elastic ; it has been shut up for 
years in the air-vessel of a hydraulic engine, and still 
exhibited this properly as perfectly as at first, Boyle, 
and afterwards Mariotte, investigated the law of the 
elasticity of gases, and demonstrated that the volume is 
inversely as the pressure. As we remove the pressure, 
they constantly expand, and always fill completely the 
vessel in which tbey are contained. 

Weight of Gases. — Ii has been demonstrated that a 
flask from which the air has been exhausted weighs 
less than when full. The weighing of gases is a nice 
operation, requiring great care that the gas be pure, diy, 
and under a known pressure and temperature. Philoso- 
jfaers have assumed as a standard pressure 30 Inches 
f the barometer, and a temperature of 60*^ Fah. In 
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the following table we have the weight of 100 cubic 
inches of several vapors and gases, with their specific 
gravity or density, air being considered as 1. 

Spedjic Gravity of Gases and Vapors. 
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Cubonic acid. 
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Carbonic oxide, 


1(10 


30.ao7 


(I!17a7 


521.9 


Vapor of alcohol. 
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Vapor of solphuric ether, 
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293.5 



The pressure which gases exert upon bodies at the 
surface of the earth depends upon their weight, and as 
hydrogen is but one sisteentb the weight of common 
air, an atmosphere of the same height will press with a 
force of one-sixteenth only. Hence, a man would 
weigh more, and require a greater force to transmit him- 
self from place to place, in an atmosphere of hydrogen, 
than in the present atmosphere. The velocity with 
which air enters a vacuum depends upon the height 
of the column of air above it, and conseijuenily varies 
with its density. It is obvious, that, as the density de- 
pends upon the height of the incumbent column, it must 
be constantly diminishing as we ascend, until we arrive 
at a point at which there will be but a single layer of 
particles, and the two forces of weight, or attraction of 
gravitation, and elasticity of the air, be in exact equilib- 
rium- Hence, tlie height of any point may be u^iCet- 
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latned by weighing ihff superincumbent column of ur 
against a column of mercury, — ihe higher the point, 
the shorter will be the column of mercury ; it is thus 
ihal heighia are measured by the barometer, 

Dijfwion of Gases. — The discovery of this law, to 
which we have before referred, has done much le 
establish the true principles of ventilation. Aeriform 
bodies possess the property of diffusing themselves 
through each other's masses to an unhraited extent; 
iJiere is no point at wliich they become saturated. Mt. 
Dahon filled two cylindrical vessels, the one with car- 
bonic acid, and the other with hydrogen ; the latter was 
placed perpendicularly over the former, and the two con- 
nected together by means of a small tube two or three 
feet long. In the course of a few hours, hydrogen was 
I detected in the lower vessel, and carbonic acid in the 
1 upper ; after a stiU longer time, these gases were found 

perfectly and equally mixed. 
I If we examine the table of the specific gravity of 
I pses, above given, we shall find liiat carbonic acid is 
I more than twenty limes the weight of hydrogen ; con- 
I seqiienlly the change of place was produced in opposi- 
I tion to the laws of gravity- 

I This property belongs to all gases and vapors. If 
R water be placed in a vessel of dry air, evaporation will 
I go on as in a vacuum, but more slowly, the air acting as 
I A mechanical obstacle ; and the tension or elastic force 
W<^ the vapor will be precisely the same in the one case 
lu in the other. A given volume of air will contain the 
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r same weight of vapor as a vacuum of ibe same dimen- 

I sioDs. 

, Mr. Dalton, in his explanation of these phenomena, 

I supposes that the atoms of one gas, although highly re- 
pulsive to each other, do not repel those of other gases; 
ihat, in the case of carbonic acid and hydrogen, each al- 
lows the atoms of the other lo insinuate themselves he- 
tween its own atoms, and establish a, perfectly equal mix- 
ture, " One gas," he says, " acts as a vacuum with re- 
spect to the other." By this expression, however, he 
did not mean that one gas flowed into another with the 
same velocity as into a vacuum, — for the atoms, offer a 
mechanical impediment to diffusion, — hut that, although 
more slowly, the final result would be the same. This 
we shall see, farther, has an important bearing upon the 
perfect mixture of gases in combustion. 

When a portion of gas is confined in a glass vessel 
having a crack in its side, the gas after a time will have 
didhsed itself into the air, and the air will have found its 
way through the same opening into the gas. The quan- 
tities which have thus passed in a given lime will bear a 
certain relation to the specific gravities of the two gases. 
The diffusion depends in no degree on the size of the 
aperture, but each gas has a diffusiveness peculiar to it- 
self. Professor Graham was enabled to determine the 
law of diffusion with great exactness by means of a 
tube closed at one end with plaster of Paris. ' By filling 
this tube, over water, with the gas to be experimented 

^upoD, and allowing il to reniaJn with its lower ot osea eud. 
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immersed in the water, tbe difiusioo immediately commen- 
ced through the porous stopper, and the water was seen 
rising in the tube. From experimaits carefully conduct- 
ed with this instrument, or diffurion tube, as it is called, 
Professor Graham discovered that ^^ the difibsion or 
spontaneous intermixture of two gases in contact is ef- 
fcK^ted by interchange in position of indeBnitely small 
tolumes of the gase3, which rokimes are not necessarilj 
of equal magnitude, being, in the case of each gas, in- 
versely proportional to the square root of the density of 
iiiat gas." Thus, the density of the air being 1, its 
dfflusiveness will be 1 also ; and knowing the density 
Gf Cither gases compared with it, we may deduce their 
rftte of cUfiusion. 

Tbe following figures indicate the densities of some of 
the gttses, with their dijQusiveness, according to this 
IftW.* 

Hydrogen a/0.069 = 0.2627 

Oxygen ^TJob = 1.052 
Nitrogen //a972 = 0.986 
Steam \/OJ526 = 0.788 

QM27 ; I J : i : 3.807 = Diffusiveness of hydrogen. 

1. 063 : i : : I : 0.9505 = " oxygen. 

0.086 ; I ; : I : 1.014 = « nitrogen. 

0.788 ; I ; : I J 1.269 = " steam. 

The results of these experiments coincide so exactly 



Ptnieri lull - Chemical PhUowphy, p. 75. 
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I with the law, that the density of the gas may be deter- 
[ mined by experimentally determining its difTusion,* 

As a further confirmation of Dalton's theory, it may 

be remarked, that all gases rush into a vacuum with a 

, velocity also inversely proportional to the square roots 

I of their densities. It has been determined, that, if our 

atmosphere be considered as of the same density through- 

[ out, homogeneous, and 27,335 feet in height, the velo- 

I city with which it enters a vacuum will be 1,338 feel in 

a second of time ; Ihe velocity of diffusion is, as we 

have remarked, much less. 

That this interchange and mixture are the result of 
affinity or chemical action is disproved by the fact, that 
it takes place between gases which have no such affinity. 
Carbonic acid cannot be made to unhe with either hy- 
drogen, oxygen, or nitrogen ; besides which, it is to be 
observed, that, when volumes of two different gases are 
brought in contact, each diffuses itself through the other, 
occupying the space of the sum of the two, and that 
without any increase of temperature. When oxygen 
and nitrogen gases are mixed together in the proportion 
of I to 4, the mixture occupies exactly the space of 
five volumes of either, and is, according to all the tests 
which chemistry can apply, pure atmospheric air. 

We have explained this law the more fully, that a 
knowledge of it may prevent mistakes which are serious, 
in forming a plan for efficient ventilation. We are told, 

' Ifd denolea the dilfusiveaeBa, and g the specific gravity, wc have 
^ aecording to the Itw of diS'uBioii ; hence we obUun E'='^- 
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in a work on Wanning and Ventilating, " that the am- 
monia and aqueons vapor invariably ascend towards the 
ceiling ; while tlie dense carbonic acid will find lis way 
out at the doors and lower apertures, or will remain stag- 
nant in the passages, unless subject to a curronl of atmos- 
pheric air. " * In a Report on Schoolhouses it is said, 
" The poisonous parts are called carbonic acid. They 
are heavier than the common air, and, as the lungs throw 
ihem out at the lips, their tendency is to fall towards the 
ground, and, if there were no currents of the air, woold 
do so. Were these different portions of the air, as they 
come from the lungs, of different colors, we should, in 
a perfectly still atmosphere, see the stream divided, 
part of it falling, and part ascending. A circulation of 
air, however, produced out of doors by differences of 
temperature, and in our apartments by the motion of the 
occupants, and by other causes, keeps the poisonous 
parts of the air, to some extent, mingled with the rest 
of it," t Farther on we are old, " If there be hut litde 
motion in a room, the poisonous part of the air will se^ 
lie towards the floor as soon as it is cast from the lungs, 
while the other part, being raised almost to a blood heat 
in the lungs, will rise to the ceiling. In the ceiling, 
therefore, should be an aperture for its escape. The 
carbonic acid will tend to flow out under the door, or 
when it is opened." In ihe Report of tlie Design 

* The Theory and PracUce ofWoriDinic and Ventilating, by an En- 
ginert,p.ll3. 

I Rpport of the Secretor; of Uie Board of Educntion on Schttol- 
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for a Lunatic Asylum, ibe author remarks, if the 
register for admitting hot air is high enough to avoid cer- 
tain difficulties lie has memioned, " the hot air will not 
be well disseminated, the hottest portion will constitute 
a stratum next the ceiling, while that at the floor is sour 
and carbonic.^' Now, If the law, as slated by Dr. Dal- 
ton, that " one gas acts as a vacuum with respect to 
another," be true, neither statement can be correct ; if 
they were correct, we should certainly provide a means 
of escape separately for the gases, according to their 
density. Ample provision is made for diffusion ; the 
expired gases, with the aqueous vapor, are lighter than the 
surrounding air; they rise to the ceiling, and, if they do 
not escape, become so completely mixed with it, that 
they never again separate.* It is true that carbonic acid 
generated in large quantities from low places, where it is 
retained as in a basin, — in mines, in certain groitos, in 
wells, and after it becomes cold when generated in close 
rooms by the combustion of charcoal, — accumulates on 
the floor ; but the conditions are so unlike the cases above 
mentioned, that no analogy can be maintained, and we are 
aware of no experiments wiuch would support them. 

We can hardly estimate the importance of this beau- 
tiful law. Animals and vegetables, as we have already 
shown, are constantly pouring out certain gases, each 
essential to the life and growth of the other, and yet, if 
these gases were allowed to stagnate where they are 
formed, they would not only injure, but destroy, both 



■ See Appendix, Mo. 11,. , _ 
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kingdoms. By this law, these poisons are djfiiised 
throughout space, and vital air rushes in to supply their 
place ; ii is only by the most delicate analysis, and for a 
short time, that any dilTerences in the constitution of the 
atmosphere can be delected. At the level of the sea, 
and at the highest point to which man lias ascended, it is 
invariably the same. Yet it is a mixfure, and requires 
no power to decompose it ; every substance having an 
affinity for oxygen removes it as readily as though the 
nitrogen were altogether absent. Even water efi'ects a 
separation of its elements, for the air expelled from il 
by boiling contains more than 21 per cent, of oxygen. 
Further on, when speaking of respiration, we shall see 
still more the peculiar adaptation of this law to tha 
animal economy.* 

Expansion of Gases. — Unlike solids, gases expand 
equally for an equal increase of temperature as measured 
by a thermometer. Gay-Lussac showed that 100 meas- 
ures of atmospheric air, healed from the freezing to the 
boiling point, became 137.5 measures ; consequently lbs 
increase for 1 80'^ F. is Y™ of its bulk ; dividing this quan- 
tity by 180, we find ihat a given quantity of dry air ex- 
pands ig, eflhe volume it occupied at 32° for every degree 
of Fahrenheit. New experiments have been made by 
Eudberg, within a few years, giving ,J, as the rate of ex- 
nsion for 1° F. ; and these results are confirmed by 
Regnault. This last number may be adopted as the true 

The poroBity ofnur clnlhing alloira the suine inlcrehnnge orgssEs 
to go on in contnct with our personi, snd to conduce to the constant 
Rmovnl of noiiouB exbali 
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L IneieiDent ; its equivalent in decimals is 0.002036 ; for 

' JO Centigrade, it is 0.00365. 

If we wish to ascertain the volume which 1 00 cuLic 
inches of a gas at 40'-' would occupy at 60^, we must re- 
member that it does not expind ,1, of its bulk at 40*^ for 
each degree, but ,'„ of its bulk at 32°. Now 491 parts 
of air at 32° become 492 at 33°, 493 at 34°, and so on ; 
hence we can institute a proportion between the volume 
at 40° and that at 80°.* 

491-1-8 : 491 -j- 4S :: 100 : 106. 

Abeorption of Gates, — Gases are absorbed by dif- 
ferent substances, and in some cases the force with which 
they are drawn to them is greater than the mutual repul- 
sion of the gaseous particles themselves. When a piece 
of meiallic platinum is made perfectly clean and bright, 
and brought in couiact with oxygen and hydrogen, the 
adhesion of these gases lo the metal is apparently such 
as lo overcome their ordinarily repulsive properties, 
to bring them within the sphere of chemical action, and 
produce rapid combustion with the evolution of light and 
heat. 

Gases are also dissolved in water, as is the case with 
atmospheric air ; it is to this property that the inhabit- 
ants of the ocean owe the oxygen which supports their 
existence. The quantity thus held in solution is in pro- 
portion to ihe pressure. Carbonic acid is dissolved in 
an equal bulk of water under the ordinary pressure of the 
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atmosphere ; by doubling the pressure another volume 
may be taken up, and so on. It is in this way that the 
soda water of the shops is kept ready for use under me- 
chanical pressure. On the tops of high mountains, the 
pressure on the surface of the water is obviously less, and 
less atmospheric air will be dissolved ; it may be owing to 
this cause that fish are not found to inhabit the ponds of 
very elevated regions. 

Charcoal possesses the property of absorbing some 
gases to a great extent, as may be seen by the following 
table, in which the numbers indicate the volumes of 
gases absorbed, that of the charcoal being taken as 
unity.* 

Absorption of Gases by Charcoal, 

Bi-carb. hydrogen • . 35. 

Carbonic oxide . . .9.4 

Oxygen .... 9.2 

Nitrogen . . . .7.6 

Carbur. hydrogen . . 5. 

Hydrogen . . . ,1.7 

* Daniel's Introduction, p. 60. 



Ammonia 
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Muriatic acid 
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Salphureous acid 
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Sulpbaretted hydrogen 


. 55 


Nitrous oxide 
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Carbonic acid 


. 35 
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CHAPTER II. 

— Ita Chemical Properliea. — Proportion of ita 

Oxygen, its ImporUmce nnd Properlie* Influ- 

OD Aaimal Ecomony io Heallh and Diijease. — Nitrogen, Uni- 

ity of its Presenoe in Animal Tiaaues. — Comblnitioiu of Oiy- 

1. — Carbonic Acid. — Irteapirable. 

The whole practice of ventilation depends upon the 
changes and movemenis which we may be able to produce 
in the aimosphere ; consequenlly, a knowledge of its 
properties is essentia! to insure a rational and effective 
system. Some of these properties we shall proceed to 
point out. 

We have already stated that the atmosphere is a true 
mixture {this, at least, is the present opinion of the moat 
distinguished chemists), and have mentioned the great 
advantages which flow from tlie ready separation that 
may be produced between its component parts. 

By weiglit, air contains 23,02 parts of oxygen, and 
76.98 of nitrogen ; by volume, 208 of the first, and 792 of 
the second. Besides these, there is a portion of carbonic 
acid, varying in amount from j;^ to 5,^, wheiber taken 
in the city or open plain ; ordinarily yfio. Finally, it holds 
an almost inappreciable portion of light carburetied hy- 
drogen gas, or gas of marshes, which is formed in stag- 
nant pools during llie decomposition of vegelaWe to^^Vct. 
and is continually escaping from llieir surface. TVe 
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proportions of the first two gases are invariable. Anal- 
yses have, for a series of years, been frequently made, 
without detecting any differences which could not be at- 
tributed to errors of analyzers.* 

Oxygen. — Atmospheric air depends upon this gas 
for its vivifying influence, and for its power of support- 
ing combustion. It unites with nearly every substance 
upon the earth, with various degrees of energy and ra- 
pidity ; if rapidly, producing flame ; if more slowly, 
those changes upon metals known as oxidization or rust- 
ing. A piece of wood or charcoal, having upon it but 
the slightest spark, when plunged into this gas bursts 
into flame ; and phosphorus burns with such intensity 
of light, that the eye can with difficulty support it. The 
first conditions of animal life are the introduction of nutri- 
tious matter and oxygen into the system. Man, at every 
moment of his life, consumes oxygen ; nearly two pounds 
in the twenty-four hours. In the body it unites with the 
various tissues, or with articles of food, and is exhaled 
as carbonic acid in combination with their elements. 
This process of combustion, as it may be called, goes 
on constantly; and if the animal does not repair its 
losses by food, its weight diminishes, the tissues are 
consumed, and it dies of starvation. 

Various experiments have been made on the respira- 
tion of oxygen undiluted with nitrogen. The results do 
not exactly coincide ; but, although it appears that this 
«rn« will support life longer than an equal quantity of air, 

* Appendix, No. IV. 



I continued, there is a general tendency to inflam- 
>n, whicfa sooner or later proves iatal. According 
le experiments of Broughton upon rabbits, no in* 
enience is at first perceived ; but, after tbe interval 
I hour or more, the circulation and respiration be- 
3 very rapid, and the system in general is highly ex- 
I. Symptoms of debility subsequently ensue, fol* 
d by insensibili^ ; and death occurs in six, ten, or 
re hours. On examination, after death, the blood 
jnd highly florid in every part of the body, and the 
leart acts strongly, even after breathing has ceased.* 
be respiration of oxygen was at one time proposed as 
aedy for disease. It was supposed, that, as in con- 
)tion, a part only of the lungs were capable of per- 
ing their functions ; that it was probably want of 
;en which produced death, and If the air were richer 
is gas, the final result, the introduction of oxygen, 
d be accomplished, and tbe patient restored. Chap- 
lates that a man was induced to make tbe trial who 
in confirmed consumption, having extreme weakness, 
ise sweats, and every symptom, in short, which indi- 
i the near approach of death. One of his friends put 
upon a course of vital air. He respired it with de- 
, and asked for it with all the eagerness of an in&nt 
e breast ; during the respiration, be felt a comfort- 
glow distribute itself through all bis limbs. His 
igth increased with great rapidity, and in six weeks 

rorner'i Elements of Chemistry, edited by Liebig and Gregory, 
8. 
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he was able lo take long walks. But, after six tnonlhs, 
he relapsed, and, being unable to obtain the vital 
air, died. M. Chaptal saya, ii inspires cheerrulness, 
renders the patient happy, and in desperate cases is 
ceriainiy a most precious remedy, which can spread 
flowers in the pathway to the tomb, and prepare us, in 
I the gentlest manner, for the last great change. 

^^ft The enthusiastic Beddoes, in England, also made many 

^^H experiments upon persons suHering under disease ; the 
^^H respiration of oxygen and other gases, for a time, work- 
^^1 ed wonders ; but after further trials it fell into disuse, 
^^H and has since been employed only by illiterate empiricS' 
^^H ^trogen. — The uses of this gas are in a great meas- 

^^H are unknown. It has been supposed lo act merely as a 
^^H diluent to the oxygen. It will not support combustion 
^^H nor animal hfe. There is no reason, howecer, to sup- 
^^H pose that it acts as a poison, but it destroys by suf- 
^^H focation, or the exclusion of oxygen merely. When we 
^^B consider that all the parts of animals which have a de- 
^^^ cided shape, or which form parts of organs, contain 
I nitrogen, — no pan of an organ which possesses motion 

and life is destitute of it, — and that, from late and care- 
ful experiments, it is proved that animals invariably ex- 
hale it, we cannot but wish for a more careful study oT 
I its nature and importance to the animal economy, 

Oxygen and nitrogen, which, in ihe proportions forra- 
ing atmospheric air, are so mild and important to ibo 
human system, in other proportions produce entirely 
different, and, in some instances, energetic substaoces,. 
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the activity increasing in proporlion to the quantity of 
oxygen, as we may see from the following table, in 
which the proportions are given in volumes. 

Njlrn^en. OiTgen. 

Atmospheric air . . 100 20 

Nitrous oxide . . 100 50 

Nitric oxide . . .100 100 
Hypo-nitrous acid • • 100 150 

Nitrous acid . . .100 200 

Nitric acid . . 100 250 

The first oF these is known as exhilarating gas, which, 
when inhaled, produces a powerful excitement of the nerv- 
ous system, a strong propensity to laughter, and a rapid 
flow of ideas, in many respects resembling the excitement 
from alcohol, but differing from it in not being usually fol- 
lowed by a stale of depression. Nitric oxide is a gas, but 
is irrespirable, any attempts to iiihale it being followed by 
a severe spasm of the upper part of the windpipe. All 
the other compounds are liquids, the two last powerfully 
corrosive, and the last known in the shops as aquafortis. 
Carbonic Acid. — From the important part which this 
gas plays in the economy of nature, as we have already 
pointed out, it can by no meanSj in the proportions of 
VX66 '" TTiOHn ^^ considefcd as poisooous. When pure, it 
extinguishes flame, not by the absence of oxygen, but by 
exerting a positive influence upon it, as appears from the 
fact, that a candle cannot burn in a mixture of four parts 
of atmospheric air and one of carbonic acid ; it also 
destroys life, acting as a narcotic upon the system. The 
oaicoiic efiect is produced only when the gas is Inhaled ia 
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the diluted state ; when pure, it produces a spasm of 
the throat, which effectually prevents its entering the 
lungs. Although so poisonous when taken into the lungs, 
when drunk in solution as soda-water ^ it forms a pleasant 
and refreshing beverage. 
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The Almoaphere. — Its PliyBical Properties. — Weiglil, ita Amount on 
various ExtenlBofSuriace. — Density, the Law of its Diminntion. 
—Table of Density.— Heat of Almoaphefe, — Of Winti». — Sea 
and Land Breeiea. — Velocity by Calculntion. — Trade Winds. — 
Moiature. — Its Drposition. — Dew Point. - Clouds. ^ Eiapors- 
tion. — Latent Heal of Vapor. — Mode of ascertaining Dew-Point. 
— Hygrometer. — Electricity. — Its Development. — Daily Varia- 
tion in Amount. — Influence on Aninnds. 

The surrounding medium performs the office of a 
UDiTersal solvent to the various effluvia which are con- 
stantly emanating from (he surface of the earth, and the 
substances and beings by which it is covered. It con- 
tains a little of every thing capable of assuming the 
gaseous form ; the odor of flowers, the minute spores or 
buds of the lower orders of plants, and particles of dust, 
are continually floating Id it ; each of ihe earths and met- 
als has an odor of its own, and each contributes its share 
to the mixture. Yet these various substances form so 
minute a proportion of the atmosphere, that, except in 
certain localities and under peculiar circumstances, they 
cannot be detected. 

Weight of the .Atmosphere. — The pressure of the 
air sustains in the barometer a column of mercury of 
Ihe average height of 29.82 inches. A column of air 
equal in length to the whole height of the atmosphere, 
e of mercury of the height just mentioned, are oC 
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equal weights ; consequently the whole atmosphere may 
be represented in weight by a layer of mercury extend- 
ing over the whole surface of the globe, 29.82 inches in 
thickness. The specific gravity of water being consid- 
ered as 1, that of mercury is represented by 13.566. A 
cubic inch of water at the temperature of 60"^ F. weighs 
252.5 grains; hence, a cubic inch of mercury weighs 
3425.92 grains, or O.-lSSSe lbs. avoirdupois ; and, multi- 
plying this by the height, 29.32, we find that a column of 
air reaching from the surface of the earth to the highest 
point to which an elastic fluid can extend, with a base of 
one square inch, weighs about 14.6 lbs. avoirdupois, 
and exerts a pressure upon the earth and every thing 
on it to this amount. Air at 60° F. weighs 0.311446 
grains to the cubic inch, and, were it of the same density 
throughout, it would be 323,021 inches high, or 27,335 
feet, — about 5.17 miles. 

The following facts will enable us to form some esti- 
mate of the weight of air and its pressure. 

On one square inch it presses with a weight of 14.G ihs. 
On one square foot " " " 2102.4 " 

On one square yard " " " 18, 921. G " 

On one square mile " " 26,166,000 toDS^ 

The weight of a cubic foot of air is 538. 1 grs. 

■" ".ubic feet of air weigh lib. 

■ " " " I toii; 

'■has a volume of 22,570 cubic incbf 
W not aware of the immense pressure t 
are exposed is owing to the fa 

■I'Tections, nor only upon the ( 
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lerior, but upon the interior ; in all the cavilies, and in 
the fluids tliemselves. When [he pressure is increased 

so suddenly that the equilibrium is not restored, it is ren- 
dered cognizable to our senses ; tliis occurs in descend- 
ing beneath the surrace of the water in a diving-bell, the 
air within which sustains not otijy the usual pressure, but 
the additional weight of the water above it. Temporary 
deafness is almost always felt from ibis cause ; the 
pressure being communicated immediately through ibe 
external opening of the ear upon the drum, but finding 
its way more slowly through the mouth and narrow 
tube which communicates with the inner surface of this 
membrane. This inconvenience can, however, be 
readily removed, by increasing the internal pressure ; 
by closing the nostrils and mouth, and attempting to 
blow forcibly ; the air enters tlie cavity, and the equilib- 
rium is restored. 

Air gains admission to the fluids, not by any direct 
passage as in the instance just mentioned, but by means 
of a properly it possesses of permeating the walls of the 
containing vessels or cavities ; the same properly, in- 
deed, by which the interchange between the diflerent 
gases is eSected in the lungs, as will be more fully ex- 
plained in the chapter on Respiration. After it has 
once come in contact with the blood and other Quids the 
additional pressure will produce an absorption by them 
of tlie amount of air required to restore the equilibrium. 

The air, as we have before stated in the remarks on 
gfise^i is a perfectly elastic fluid, its elasticity varying 
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inversely with the distance of the particles from eacb 
other. The weight obviously diminishes as the heigiil 
increases ; and it is easy to show, that, if the attitudes 
above the surface of the earth he taken in an aritbmel- 
ical progression, the density of the air at these altitudes 
will diminish in a geomeirical progression. Accordiog 
to this rule the following table has been formed, showing 
the relative densities at different heights. 

Table of the Density of tht ^ir at eariovs Heighii. 

Heifht. Denniy, 

i mile 1. 

0.7943 

. 0.0309 

0.50U 

. 0.3981 

0.3163 

. 0.2511 

0.1995 

. 0.1585 

0.1260 

From this (able we see that air at the height of 10 
miles has a densily only one eighth thai at the surface of 
the earth. The actual height of the atmosphere is still a 
matter of doubt among philosophers, but there are many 
reasons which tend to show that it is of finite extent. 
Kefraction is the bending of light in passing through me- 
diums of different densities, the refraction being greater 83 
the medium is more dense ; astronomers, from observa- 
tions made upon this phenomenon, and upon tlie twilight, 
which depends upon it, have been led to believe that 
the height of the atmosphere does not much exceed M 
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mUes. Thai it does not extend through space is certain, 
from the fact, that it has not collected about the sun, 
or about Jupiter, which their size would certainly com- 
pel it to do by the laws o( gravitation. 

Heat of the Jltmosphert. — Atmospheric air allows 
the sun's rays to traverse it in all directions without its 
temperature being in the slightest degree elevated. All 
the changes of temperature are occasioned by its con- 
tact with the surface of the earth and other solid bodies ; 
it is greatest, during sunshine, in contact with tliese 
bodies, and diminishes as we ascend, nearly in the pro- 
portion of 1° F, for every 100 yards in height in sum- 
mer, and a little less in winter. This rule is true for 
7,000 or 8,000 yards at least, within which limits con- 
firmation is derived from direct experiment in balloons, 
and from the velocity of sound. At the equator, the 
limit of perpetual snow rises to the height of 15,000 
feet above the level of the sea, and descends as we ap- 
proach the poles, where it is coincident with the sur- 
face of the earth.* 

Although the heat as indicated by the thermometer, the 
sensible heat as it is called, is so much less in the upper 

• Front, Bridgawaler Trenliae, p. 106, gives —58° ae Ihe timil of 
cold on the surftce of Ibe earth. 

The mnge of the teniperatare of the air is aboot 180". In some of , 
the expeditions to the Norlli Pole, the thermnnieler has Indicated 
—50° ; Captain Parry, at Melville Island, noted —55°. At Booares, 
it has been noted as high as 110°, 113°, and even 118°. 

In Ibis latitude (4'i° 21' 23"} June 10th, at 1 P. M., a Ihennomeler 
laid in Ibe taa, upon a nonconducting substance, a bulfalo-rulw, and 
praleeted ftom Lbe idr, indicated lti5°. 
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regions of the atmosphere than at the surface of the earth, 
not infer that an equal weight of air actual]}' con- 
tains less heal ; it in fact contains precisely the same in 
the one place as in the other. If a pound of this thin and 
attenuated air were brought down, or in any way com- 
pressed lo the density of ihe lower and heavier, it would 
raise the thermometer to the same point ; the heat would, 
as it were, be forced out of it. Air does not feel cold 
because it has descended from a higher region, but be- 
cause it has passed rapidly from a more uortberly to i 
more southerly position. 

Diffusion of heat is influenced by the law of the dif- 
fusion of gases ; the same gas, under diflerent tempera- 
tures, and consequently with different specific gravities, 
has the same diffusive tendency as different gases with 
varying specific graviiies, the diffusion depending solely 
upon tliis difference. The propagation of beat is also 
dependent upon air in motion, or winds. 

In a clear night the earth is cooled down by radtatioa, 
and the layer of air in contact with its surface becomes 
also cooler than tliat above it ; it is to this cause that we 
owe the deposition of dew, as will be explained more fully. 

JHovement of the^ir, or Winds. — Changes of den- 
sity in the atmosphere produce an immediate motion o( 
the heavier portions towards the lighter. Although other 
forces may have a limited influence, alterations of tem- 
perature are the great and efficient causes of this disturb- 
ance of equilibrium ; the solar heat warms the earth, 
which, in its turn, communicates heat to the air, and HL 



lipward cuiTent is immediately established. The aUeroa- 
tion of day and oighi, and the revoiuiion of the seasons, 
cause winds of a greater or less duration and extent. Tlie 
ocean and the large inland seas or lakes are great and con- 
stant causes of motion in the atmosphere. The lempera- 
ture of their surface varies but little during a considera- 
ble length of time, while that of the earth undergoes fre- 
quent fluctuations. Were the whole surface of the globe 
covered with water, the motions of the atmosphere must, 
from the very absence of these fluctuations, have been of 
very limited extent ; the almost daily east wind of spring, 
so well known to invalids on the New England coast, and 
the sea and land breezes, so remai'kable for tlieir regn- 
laiily in tropical climates, owe iheir existence to this 
fluctuation. Were it not for these last, large tracts of 
country, in hot and arid regions, would be rendered al- 
together uninhabitable ; but their winds, cooled as they 
are by contact with the ocean, and supplied with mois- 
ture, return, bringing with them those invigorating quali- 
ties which impart to the fainting animal and withering 
vegetable, power to resist the influence of a scorching 



The explanation of these winds is obvious. Dur- 
ing the day, the surface of the land, becoming heat- 
ed, warms by its contact the air above it ; the air, 
having thus become speci6cally lighter, is pressed up- 
ward by the colder and heavier air from the sea, which 
rushes in to restore the equilibrium. During the night, 
,tbe earth, parting with its heat, cools, and the sea being 



now the warmer surface, an upward current is formed 
over that, and an equalising current from tbe land arises. 
I The velocity of these winds may be made the subject 
' of calculation ; it must be that wiih which air would 
escape from an aperture under a pressure equal to 
the difference of weight of die wann and cold columns. 
If tlie air, in a chimney 30 feel in height, be heated 80^ 
F., it will be expanded as 1 to 1 -}- ,^ or J ^ 5 feet, 
and will be driven upwards, according to the laws of 
spouting fluids, with a velociiy equal to 8 -i/5 ^ 17.88 
feet per second. If the air over the land be 5° warmer 
than ihat over the sea, die difference in length of these 
columns of air if the atmosphere be 2,500 feet high, will 
be 25.5 feet, and the velocity acquired by the inrushing 
sea-breeze would be 8 ^25. 5, = 40 feet per second. Of 
rather more than 27 miles per hour ; meeting, however, 
with many impediments to its motion on the earth's suj^ 
face, it would he greatly diminished.* 

The trade ieinds arise, for the most part, from the 
difference of temperature between the torrid and frigid 
zones. The mean temperature of the atmosphere near 
the equator, at the level of the sea, is 80== ; that of tbe 
polar regions is below 32°. In consequence of these 
constant differences, the air at tbe equator rises and 
spreads out in the upper regions, on each side, towards 
the poles, from which the colder air flows in to supply its 
place. If the earth were not in motion, the inflowin 
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r currents would be due norlh on llie north side of the 
equator, and due south on ihe opposite side, over its whole 
surface ; but the motion of the earth from west to east, 
which increases from the poles to l)ie equator, where 
it is about 1,000 miles per hour, gives to the northern 
and southern currents an apparent motion from the east. 
Near the tropics, tliese winds are nearly due east ; but as 
Ihey advance towards the equator ihey acquire more and 
more the velocity of ihe earth, — although that also is 
increasing, but more slowly, — and gradually change their 
easterly course, until at last, they resume their original 
northerly and southerly direction and again move upward. 

The irregular currents in the air are determined by 
a great variety of causes. The atmosphere next the 
earth, from its lightness, must be in a state of unstable 
equilibrium, and the slightest causes, as inequality in the 
surface of the country, or in the character of the soil, 
as respects its he at- absorbing power, may determine an 
up-moving current. 

Count Rumford, in his Essays, Vol. II., p. 377, de- 
scribes an instrument, which he conirived, to show ihe 
movements of fluids produced by heat. It was a flat box, 
formed of two panes of glass, about one foot square, set 
in a frame parallel to each Other, and one inch a part. In 
the upper side of the frame was an opening for filling the 
space with fluid, and another at the bottom for withdraw- 
ing it, each fitted with a cork, and the whole instrument 
made water-tight. Having half filled it with a solution 
of a vegetable alkali (a solution of carbonate of potash 
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probably), he mixed with it a quantity of pulverized am- 
ber, care being taken to make the strength of the solution 
such that its specific gravity should be equal to that el 
the amber. The inslniment was then set in a window. 
The difference of temperature between ihe external air 
and that of the room soon produced motions in the 
liquid. Rumford's feelings wiiile watching these mo- 
tions may be gathered from the following paragraphs. 

" How great was my surprise, when, instead of the 
vertical currents I expected, I discovered horizontal 
currents, running in opposite directions, — one above 
another, — or regular winds, which, springing up in the 
different regions of this artificial atmosphere, prevailed 
for a long time with the utmost regularity; while the 
small panicles of the amber, collecting themselves to- 
gether, formed clouds of the most faniasiic forms, which, 
being carried by the winds, rendered the scene perfectly 
fascinating ! 

" Tt would be impossible to describe the avidity with 
which I gazed on these enchanting appearances. 

" Nothing seemed wanting to complete this bewitch- 
ing scene, and give it the air of perfect enchantment, but 
that lightning, in miniature, should burst from these little 
clouds ; and they were frequently so thickened up, and 
had so much the appearance of preparing for a storm, 
that, had that event actually taken place, it would hardly 
have increased my wonder and ecstasy." 

JHoislure. — Atmospheric air always contains more or 
less aqueous vapor, either in an invisible stale, or ia ttl^ 
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form of clouds, fogs, and mist. The form of vapor 
most commonly known is ihat of steam, which is vapor 
at the temperature of 212°, having an elasticity equal to 
that of the atmosphere, or thirty inches of mercury ; 
this, however, is not the form with which we are now 
most interested. Vapor exists in the atmosphere at all 
temperatures, even below the freezing point of water. 
Its elasticity at 32° is equal to aiipporiing only ^ of an 
inch of mercury. When the temperature of atr cannot 
be diminished without depositing water upon the walls of 
the containing vessel, or appearing as a mist, it is said to 
be saturated. If the temperature of saturated air be 
raised, it will, to the feelings, become drier, and will 
immediately begin to take up water which is exposed to 
it ; air is diy or moist, not in proportion to the water it 
contains, but in proportion as it is more or less removed 
from the point of saturation. 

The point of saturation rises more rapidly than the 
temperature. A quantity of air absolutely humid at 32° 
F. holds in solution an amount of vapor equal to ^'j part 
of its weight ;■ at 59°, ^; at 86°,^; at 113°, ^; and at 
140°, ij. CoQsequenlly, while the temperature advances 
in arithmetical progression, the dissolving power of the 
air rises with the accelerating rapidity of a geometrical 
series having a ratio of two.* 

The influence of this law is evident in the production* 
of rain and clouds. When masses of air of different 

• See Table of Quantilies of Vapor diasolyed in Almosphcrio Air at 
Temperatures, Appendix, So. V. 



w 



DEPoeiTlOX OF MOISTUHB. 



temperatures, each containing its full amount of aque- 
ous vapor, mix, the result must be a depositioa of mois- 
ture in one or the other of the two forms just mentioned. 
Suppose, for instance, the two masses of air be at 55° 

and 75^, the resulting temperature will be an arithmetical 
mean, or 65° ; the force of vapor at 55° is 0.4327 ; al 
75°, 0.8581 ; and that at 6^°, 0.6146 ; the mean force 
is not 0,6146, but 0.6459, which corresponds to a tem- 
perature higher than 65°; consefiuenily a deposition of 
moisture must take place. 

It is from this cause that steam appears as a cloud wheD 
escaping from the safety-valve of a steam-engine, or tbfl 
nose of a tea-ketile ; the pressure of steam at 212" is 
greater than that which belongs to steam at the tempera- 
ture of the air, consequently the excess of vapor is de- 



After continued cold weather, when our houses ha¥B 
been throughout reduced in temperature, and a warm 
moist wind succeeds, we perceive that moisture collects 
upon the walls and furniture, or any other cold object; 
the cause of this deposit is to be found in the fact, thai 
the air in immediate contact with these objects is lower- 
ed in its temperature, and, being already nearly saturated, 
■11 the vapor above that due to this lower temperature im- 
medialely appears in the form of minute drops. A glass 
nimbler, filled with cold water, in summer, is soon bedew- 
ed with moisture, not, as is frequently imagined, because 
the waler oozes through the tumbler, but because the 
tur around it is cooled, and its moisture precipitated upM 




I the same would occiir io winter, if the lumbler were 
brought into a close room, in which many persons were 
assembled, and the air loaded with the accumulated va- 
por exhaled from their hmgs and skins- From the same 
cause, the cold windows of a crowded leciure-room, in 
winter, not provided with efficient ventilation, are con- 
stantly covered with minute drops of water, which 
soon collect together and run down the glass in sireams- 
The highest point of the thermometer at which vapor 
begins to be deposited by the air is called the deu-point ; 
it is the point at which dew begins to form. When the 
direct influence of the sunlight is removed, all bodies 
exposed to the dear sky begin to throw off the heat 
they have received ; that part which is thrown off into 
space does not return, and the temperature of the body be- 
gins to fall ; when this temperature, as in the other cases 
we have mentioned, is communicated to the surrounding 
air, and cools it below the point of saturation, it gives up 
a portion of its vapor in the form of dew. That dew 
forms upon some bodies in greater quanliiies than others 
is owing to their superior radiating power, or power of 
throwing off heat. Thus, green grass has more radiat- 
ing power than pine-boards, and these last than a gravel 
walk ; consequently dew will be deposited upon the first 
in larger quantity than the second, and on the second, 
than the third. A calm night must obviously conduce to 
the formation of dew, since it allows the air to remain 
long in contact with the coohng bodies ; while winds con- 
g-tisually bring oew portions of air, each of which is but 
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sligbtly reduced \a leniperature. A cloud, or an over- 
hanging tree, radiates to the grass the heat it has receiT- 
ed, and thus prevents a sufficient reduction of tempera- 
lure to produce dew. Frost ts but frazen dew, and 
merely indicates a greater degree of cold. 

The clouds, which are formed by the precipitation of 
the vapor of ihe air, are not composed of drops of raiH) 
although when descending to the earth they assume that 
form, but of minute vesicles or bladders, containing 
vapor, and perhaps a gas. M. De Saussure, while 
travelling upon the Alps, encountered a large cloud, com- 
posed entirely of these vesicles, which were seen Id 
float slowly by him, some of them larger than the largest 
peas. 

The steam arising from the surface of a healed liquid 
has this form. If the liquid be of a dark color, — a cup 
of coffee, for instance, — and is placed in the sunlight, 
this vapor may be seen floating like a cloud upon its sur- 
face, or rising a litUe above it ; if examined with a mag- 
nify in g-glass, warmed, that it may not be obscured by 
condensation, tlie cloud will be seen to be composed of 
distinct vesicles, appearing to roll here and there upon 
its surface, like small shot ; the appearance is so pecu- 
liar, that it well pays one for the trouble of making the 
experiment. 

Some of the London fogs, which are vesicular, have 

been made to disappear by heating them to 80° ; from 

which it was inferred that the vapor was about ^ of the 

k weight of the air which contained it. This constitutioaflf 
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clouds explains, in some manner, their floating in the at- 
mosphere ; were they formed of drops even of ^ of aa 
inch in diameter, they would acquire a constant velocity 
in falling of nine or ten feet per second ; while under the 
vesicular form ihey are readily conveyed from one point 
to another by the constantly changing strata of air. 

Although evaporation h going on at all temperatures, 
it increases rapidly with an increase of temperature ; it 
is also influenced by other circumstances. Mr. Daltou 
found by experiment, that in dry air the rate of evapor- 
ation was always in proportion lo the elasticity of the 
vapor generated, measured by a column of mercury. 
As the atmosphere always contains some vapor, this rate 
of evaporation does not hold good ; if the air is saturat- 
ed, no evaporation takes place, and it is increased as the 
quantity of water in solution diminishes. To ascertain 
the rate of evaporation, we must first ascertain the elas- 
ticity of the existing vapor, and subtract it from that 
due to the temperature. Suppose the temperature to 
be fiS'^, the force of vapor at that temperature is 0.61 
of an inch of mercury ; if the amount of vapor already 
existing be 0.31, and this be subtracted from the 6rst 
quantity, we shall have a difference of 0-30, which cor- 
responds to a temperature of 46°.* Hence we see 
that in moist air, at the temperature of 05'-', evaporation 
will go on no faster than in dry air at 46°. 

Mr. Howard ascertained that a circular area of snow, 

ifForee ofVnpocfromSa^toeU", Appendii, 
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five inches in diameter, lost by evaporation 150 gnins 
between sunset and sunrise, and 50 grains more before 
night. In this experiment, the snow was exposed 
to a smart breeze upon a house-top ; an acre of snow 
exposed to a simikr breeze would lose in the same 
time 64,000,000 grains, or 11,111 pounds of moisture. 
During the night only, about one thousand gallons of 
water would be raised from an acre of snow. 

The evaporating power of air raised from a low to 
a Ugh temperature is greatly mcreased. We notice 
this most frequently in the drjmess and consequent 
shrinking of our furniture, door-panels, and other wood- 
work of our houses, when warmed by heated air to 
which a sufficient quantity of water has not been added. 

If the force of the vapor in air at 32° be 0.20 of 
an inch of mercury, and that in air at 68° be 0.68, we 
have a diffisrence of 0.48, which corresponds to 68°, 
and the rate of evaporation will be 2J times greater at 
this last temperature than at 32° ; to supply this de- 
mand for moisture, all articles containing it will be com- 
pelled to yield their due proportion. 

We have before stated that vapor permeates the bulk 
of the air, as does a gas ; it results from this, that 
two equal volumes of the vapor and air, when mixed, 
do not form a mass equal to the sum of the two, bat 
one which is due to the sum of the elastic forces. If 
air at 32°, with an elastic force of 30 inches of mercury, 
be mixed with an equal volume of vapor at 32°, the elastic 
force of which is 0.2 of an inch, the volume will be in- 
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areased by tins unount, or ^ Hence we see that the 
qpecific gravi^ of the air is bat slightly dimiDished by the 
iddition of vapor ; but in proportion as the temperature 
is raised, the elastic force bcreases and the resulting 
rolome is increased. At 212^, steam is but { the weight 
^f air ; but, as its elastic force is equal to that of the air, 
the volume will be doubled by the mixture, and the re* 
suiting specific gravity wiD be much less than that of the 
lir ; this occurs also at the temperature of the body, 98^, 
ind is one of the causes of the ascension of the air ex- 
pired from the lungs. 

Attention to this fact is of great practical importance 
in the construction of drying-rooms and laundries. If 
the opening for the escape of the heated air be at the 
bottom, as it becomes saturated with vapor it becomes 
lighter, and will remain at the top, effectually preventing 
ill evaporation. If the opening be at the top, on the 
contrary, the air in rising becomes more and more moist, 
GUid escapes loaded. The drying in these cases always 
commences at the bottom. 

In the transition of a fluid to the state of vapor, 
much heat is taken up or rendered latent, and the liquid 
^ving off the vapor falls in temperature.* Under the 
receiver of an air-pump, if the pressure of the air be 
removed from a saucer filled with water, evaporation 
goes on rapidly until the receiver becomes filled with 

* Water, in assuming the form of steam at a temperature of 212^, 
■bsorbt or reiMiers latent about 1,00(F of heat ; that isi a gill of water 
ooQTerted into steam at 212^, would, on being condensed in 1,000 
gilli of water at 60°, raise it one degree. 
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Tapor, when it ceases ; bat if this Tapor, whic^h caimol 
be pumped oat, be remoTed by solpfaoric acid, which 
has a great affinity for it, the eraporatioo will be con- 
stant, and the water will fireexe. ETapcMratioo is a cool- 
ing process. In coodeosii^ a Tapor into a fluid, a larjge 
quantity of heat is given out, and it becomes a heatiif 
process. If our bodies, then, be exposed to a veij 
warm and dry air, we shall feel co^, or even cold, bom 
the rapid evapcn^tion from our skins ; a certain amoiat 
of moisture, then, acts as a saving of heat. We see^ 
also, why, in a warm, damp day, we suffer more froa 
heat than in a dry one ; the cooling process does not p 
cm, and the perspiration accumulates upon the surface. 

The moisture on the skin when the body is thicUf : 
and closely covered in bed is not necessarily duett; 
increased perspiration, but to the saturation of the aifii 
by which it is prevented from carrying away the usuil 
amount of perspiration. A more free, but less obviooS)! 
perspiration would be produced by a free circulation of 
air through light clothing ; and an increased amount of 
heat, by means of bottles of hot water or heated stoQei| 
placed around the body. 

It is important that we should possess some means 
estimating the quantity of vapor in the atmosphere, if 
would give to the air of our houses a proper amount 
this important constituent. Several ways have 
devised, one of which is to pour into a thin glass ta»9^ 

)r water sufficiently cold to produce a deposition 9m\ 
ituro upon the outside, and, stirring it with a thervi 
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aeter, note the degree at which it disappears ; this is 
dew-point, or point of saturation. But this is a 
ous process, frequently requiring ice and no incon- 
arable amount of patience. A shorter and more con- 
ient way is founded upon the degree of cold pro- 
ved by evaporation, for this must depend upon the 
3 of evaporation, which again depends upon the 
ount of moisture in the air. Two thermometers 
ose scales agree are selected, and the bulb of one 
vered with cotton cloth and wetted with water ; they 
s both swung in the air until the mercurial columns he- 
me stationary, and their heights noted. The number 
rresponding to the difference of these heights in the ta- 
i given in the Appendix, No. VII., which may be found 
i^ording to the directions there laid down, is the dew- 
int. This is sufficiently accurate for ordinary purposes 
ventilation. 

Electricity. — There is reason to believe that the pas- 

;€ of masses of air by, and rubbing against, each other, 

different temperatures, or containing different degrees 

moisture, developes electricity. It is well known, 

t, when high-pressure steam is allowed to escape from 

et, the vapor is highly positive, and the jet with 

^ attached boiler negative. Dry steam or steam of 

y high pressure produces no electricity ; it is neces- 

y that the steam should be partially condensed before 

eaches the outlet ; hence, we may consider the steam 

acting as a moving force, while the watery particles 

rubbed against the sides of the jet. A locomotii 
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engine, which was insulated by being raised on blocks 
of dry wood, was found to be b a state lo receive 
sparks from bodies about it connected with the earth. 
It has been supposed that tlie watery particles with 
which liie air is charged may become positively electric 
by being driven aod rubbed against the earth, its rocb 
and trees. 

Evaporaiioo produces electricity when taking place 
slowly and without any aid from friction. If a saucer be 
insulated by being suspended with silk cords, the evapo- 
ration goes OQ as usual at first, and then greatly diniii^ 
ishes in its rate, and so remains wiiile it remains insu- 
lated ; on putting the saucer in communication with llie 
earth by a chain or any other conductor, evaporation 
resumes its usual rale. In this case, as in that just 
mentioned, the vapor is positively electric and tlie sau- 
cer negatively. Evaporation is thus going on over the 
whole surface of the earth, the vapoi-s transmitting to ibe 
air positive electricity, while the earth preserves nega- 
tive electricity. 

Combusdon produces electricity, the carbonic acid 
which escapes becoming positively electrified, while the 
burning body remains in a negative stale. Respiration 
also afibrds an additional amount of positive electricity 
to the atmosphere ; and probably the gaseous fluids 
given out by plants during the process of vegetation do 
the same. 

At sunrise the atmospheric electricity is feeble, but 
increases during the forenoon, as the vapors collect h 
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I the lower regions of the atmosphere. About noon Ihe ^| 
I tension attains its maximum, when the air contauis the ^M 
I greatest amount of vapor. Immediately after reaching ^M 
I the maximum, the electricity diminishes at first rapidly, ^M 
and then more slowly ; as this proceeds, the visible 
vapor disappears and the atmosphere becomes clear. 
At two o'clock in the afternoon the atmospheric elec- 
tricity is scarcely stronger than at sunrise ; it continues 
to diminish till two hours before sunset, about which 
time it begins to advance, and attains a second maxi- 
muin an hour and a half or two hours after sunset. 
During this time, vapors have formed low in the air, and 
the night-dew has fallen. After continuing in this stale 
for a short time, Ihe electricity diminishes gradually till 
morning. During the whole course of these diurnal 
changes, we see a manifest connection, in time at least, 
between the pressure of vapor and the development of 
electricity. 

That there is a connection between the electric state 
of the atmosphere and our feelings we cannot doubt. 
In genera], when the air is clear, and electricity is de- 
veloped with great rapidity, there is a buoyancy and 
good spirits which do not exist in an opposite slate. 
Attempts have been made of late, by a continued series 
of observations, to trace a connection between prevalent 
diseases and the electrical stale of the atmosphere, but 
as yet no great progress has been made. -^^^h 
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CHAPTER IV. 

Heapiration. — Its Objects are the RemoTul of Csj-bonic Acid ud llie 
Introduction of Oiygen. — Lungi, Bnatomical Structure.— Nnm. 
ber of Respirationa, — Capacity of Lun^. — Amcmnt of Carbonk 
Acid generated, — Variea willi Hour of Day and other Circnni- 
stances. — Of EndoEiODse and ExoBtnosc— Changei whlcli Uje 
Blood undergoes in the I.ungs, — Aqueous Vapor eipired, — Variei 
with Amount of Vapor already eiisting in Atmosphere. — Absorp- 
tion by Lungs. — Skin secretes Moisture. — Its Quanlitjr. — Antlj- 
UB of Air contaminated by Respiration. 

The function of respiration consists in an interchange 
of the ingreriients of the blood and the medium to which 
it is exposed. The blood, in its passage through ibe 
capillaries, parts with some of its elements and absorbs 
others, the removal of which from the system Is essen- 
tial to its existence in a living state. If carbonic acid, 
for instance, were retained, the blood would stagnate in 
the capillaries, one of the most important of the forces 
which propel it would be destroyed, and death soon 
ensue. That a certain degree of heat is required for 
the circulation cannot be doubted, and that the elimina- 
tion of carbon and its combination with oxygen would 
produce this heat is equally true ; but there are probably 
other objects to be attained, the' precise nature of which 
are as yet unknown. Although this substance be re- 
moved, without the introduction of an oxygenated gas 
into the lungs, yet death will take place at last from llie 
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want of oxygen. In proportion as the aniiiiul is more 
active, this gas becomes more necessary to the organ- 
ism, to a degree almost equal to that of the removal of 
carbon. To the animal kingdom it is a slimulaal us 
essential to the performance of the various functions, as 
heat and light to both kingdoms. 

The constant provision manifested for the aeration of 
the circulating fiuid sufficiently attests its iniporlance ; 
wi(h the exception of nutrition and the reproduction of 
the species, no function is so universal. 

The human lungs are tivo in number, situated one on 
either side of the heart, which iliey nearly conceal. They 
are of a conical form, tiie apex rising above ihe level of 
the first rib, enlarging as they descend, and resting upoo 
the diaphragm. Each lung is covered, and the ribs are 
lined, by a smooth, moisE membrane, which facilitates the 
motion of diese organs. The windpipe is comiected 
with a system of tubes by which air is conveyed to all 
those parts of the lungs in which respiration takes place. 
These tubes, by many successive divisions, become ex- 
tremely small, and finally terminate in a minute cell or air- 
vesicle. These vesicles do not communicate with each 
other ; their only opening is that of the minute tuba 
which leads to them. To each of these cells belong a 
small artery and vein which form around it a capillary 
network, so close that the diameter of tlie meshes is 
scarcely so great as liiat of the vessels which form 
tbem. It is Id the vesicle tliat the interchange between 
Uie Wood and air takes place. The dark-colored ye- 
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nous blood arrives tiirough the pulmonary artery upon the 
immense surface which all ihese cells offer ; it is exposed 
to the action of ihe contained air,* changes to a bright 
arterial tint, and returns by the vein to the left side of 
the heart, ihence to be sent on its circuit through the 
system. 

By means of the alternate action of the diaphragm and 
abdominal muscles the air is alternately drawn into and 
forced out of the pulmonary air-vesicles. It is difficuit 
to ascertain the precise number of these alternate con- 
tractions and dilatations, since, when the attention is di- 
rected to them in our own persons, they increase in 
frequency and amount. From a number of experimentSi 
it is probable that the average is between fourteen and 
eighteen f each minute ; of these, the ordinary inspira- 
tions involve but little movement of the chest, but an 
increased exertion takes place every fifth recurrence. 
In a healthy state, the respiratory movements are to tbe 
pulsations of the heart as I to 4^ or 5 ; in some affec- 
tions of the lungs, and in some states of the nervous sys- 
tem, great deviation from this rule occurs. 

Great difference of opinion exists among experi- 
menters as to the capacity of the lungs, and the amount 

* The phj'Bicsl laws, in accordance with which thja iDteichongt 
takes placp, are those ot endoimoie and exaamose. They wit) be ogiin 
referred lo more particularly. 

t Dumoa eatiinalee his own respiralions at BJiteen per minute ; Mr. 
Coathupp, whose experiments were made on SljC.6(i cubic feet of lir, 
also considers the average lo be sixleen. Reports of the Briliah Ai- 
sociation, 1839. Dr, Thompson also rates the average at sixteen. 
Liebigond some others cotuider eighteen per minute as the avenge. 
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r of air taken in at each inspiratioD. These discrepancies 
I arise from two causes, the inability of attending to one's 
own respirations without influencing them, as just men- 
tioned, and the difficulty of inhaling air from an appara- 
tus with the same regularity and amount as in natural 
breathing. From experimenis by Dumas, and Mr. C. 
F. Coatbupe, the amount of air used by the latter gen- 
tleman being 2S6.66 cubic feet, il appears tlial twenty 
cubic inches is a near approximation to the amount of air 
inspired at each dilatation of the chest.* 

The earliest accurate experiments on respiration are 
those of Lavoisier and Seguin. They found that the 
air expired contained more carbonic acid and less oxy- 
gen than that inspired ; the amount of carbonic acid 
being somewhat less tJian the osygeu which had disap- 
peared. It was supposed by them that the oxygen had 
I united immediately with the carbon of the venous blood 
in its passage through the lungs, forming the carbonic 
acid expired. Subsequent researches have shown that 
this is not a true account of the changes which take place 
in the lungs. Recent investigations in organic chemis- 
try lead us to believe that oxygen combines with the red 

* Amuroing Ihe above esliraatea to be correct, we base paBaed 
tbrongb llie lungs of each indiviitual the following quantitieH of air 
in the time net agniiiBt Ibcoi. 

One inapirntion . SO cubic incbes. 

One minute , . .11 pintB. 

One hour ... II cubic f^et. 
I One daj . . . S66 cubic leet. 

One year . 97,0y0 cubic feet, 

I wkMl ia eyul to a etib« 46 feet b7 the aide. 
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particles of the blood, and is carried by them to ifie 
various parts of the system ; that in the capillaries it 
unites with ihe carbon of the different organs, forms car- 
bonic acid, which is again conveyed by the globules of 
the venous blood to the lungs, and passing into the eirby 
exosmose, a corresponding portion of oxyged is ab- 
sorbed. 

The quantity of oxygen which disappears from the ai( 
and is not accounted for in Ihe carbonic acid varies con- 
siderably ; it is sometimes as much as one third of the 
whole ; it is greatest in the young animal, and sometimes 
almost imperceptible in the adult. 

Amount of Carbonic Acid gcneraitd. — The quanti- 
ty of carbonic acid excreted has been estimated al 39,534 
cubic inches in twenty-four hours : this is equivalent to 
1 1 ounces troy of pure carbon. To this it has been ob- 
jected, that it is more than is contained in six pounds oT 
most kinds of solid food used by man ; for this usually 
contains three parts in four of water, and of the other 
part seldom more than one half is carbon.* Hence, 
making no allowance for what passes off in other ways, 
more carbon is excreted from the lungs, according to tbk 
Estimate, than is introduced in the daily amount of food- 
According to other experiments, in which much coo- 
fidence can be placed, it is estimated at 18,420 cubic 
inches, or about five ounces of carbon in twenty-four 
hours. From these last mentioned experiments it ap- 
pears that the amount of carbonic acid in the expired 
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air is four per cent, of the whole. Allen and Fepys 
found it, in their experiments, as high as 6.6 In a 
hundred parts. They found also, that, when the air to 
be respired contained carbonic acid, the amount ex- 
creted was less ; 300 cubic inches of air respired three 
minutes gave only twenty- eight and a half cubic inches 
of carbonic acid, while, when fresh air was taken in at 
each mspiraiion, the amount excreted was thirty-two 
inches per minute. We cannot fail to infer from this 
fact, knowing as we do the necessity of the free excre- 
tion of carbonic acid, the great importance of ventilation, 
since the more frequently any quantity of confined air is 
breathed the more it will interfere with the due aeration 
of the blood. 

Dr. Prout's experiments show that the quantity of 
carbonic acid generated in a given time is greatest be- 
tween the hours of eleven, A, M., and one, P. M. ; 
smallest between eight, P. M,, and three, A. M. It is 
also greater when the barometer is low.* During a 
state of muscular activity it is greatly Increased, as we 
iDUst have inferred from ihe fact that it is derived from 
the oxidized products of the system, no motion in which 
can lake place without a union of its parts with oxygen. 
Mr. Newport has noticed that this difference is enor- 
mous in insects. When at rest, their respiration is as fee- 
ble as that of cold-blooded animals; and when in active 

* Dumas, Easai de Statique Chimique dee Etrea orgnnis^a, p, 6Si 
le quantity orcaibon with luucli cue, sad 
concludes, all ihingB considered, that the ptoduclion uf 154 grains 
tiey per hour ii b neu spprozinution for tbe oommoii hum d{ men. 
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moTemenl, they consume more oxygen, Iq proportion to 
their size, than any animal. In man the ditTerence is nol j 
BO great, but it is unquestionable thai when iu motion an 
increase does take place- The secretion of carbonic 
acid is diminished during sleep, probably on account of 
the cessation of muscular exertion. and the warmth of the 
body; for it is ascertained that more is secreted at a low 
than a high temperature. 

It has been mentioned that the oxygen consumed it 
not all accounted for in the carbonic acid fonned. A 
series of experiments has been instituted by Dulong to 
ascertain the amount lost. He placed animals in an ap- 
paratus from which the air could be constantly removed, 
and new air supplied. On testing it, he found that dur 
ing the respiration of all animals more oxygen was con- 
sumed than wus replaced in the carbonic acid rorined. 
The quantity thus lost amounted on an average, in the 
faerbivora, to i^of that replaced by the carhoaic acidj 
in the camivora it amounts to J or J, Despretz's expan- 
ments gave the amount of the same gas lost as J or J. 

Tlie reaction which lakes place between the air and 
blood is explained according to the physical laws of «r 
dosmose and exosmose, or, in other words, the laws </ 
"inflowing" and " outflowing." * Gases and thin fluids, 
together with the matter they hold in solution, permeste 
moist animal textures. f K two kinds of gases be placed 

* Daniell'B Introdnctioo to Chemical Fhilosoj.hj, p. 63. Mdller'i 
Phyeiologj, Vol. 1., p. 259. Orpenter'g Compar. PhyBiologj, p. 388. 

I John Hunter, in 1756, aBcenained [his fact. TYealise on tlw 
Blood, p 44. 
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in contact with a tnoJEt animal membrane, a bladder, for 
instance, the one being inclosed and the other external 
to it, each permeates the bladder until they are equally 
mixed. This process takes place even when the blad* 
der htis beea dried and again moistened. A gas will 
permeate a moist bladder, and be absorbed by a fluid 
contained in it. It is in this way that gaseous matters 
permeate the membranes of the lungs, and are dis- 
Eolved in the blood circulating in the vessels distrib- 
uted on the walls of the vesicles. If a piece of 
moist bladder be tied over a tumbler compjeiely filled 
with water, and salt be strewn upon the bladder, it is 
dissolved, and finds its way into the water contained in 
the tumbler. A salt in solution has a tendency to dif- 
fuse itself through every other fluid with which it is 
miscible. Further, it is found that a fluid charged with 
any gas it will absorb (as water with carbonic acid) 
will speedily part with it when exposed to the attracting 
influence of another gas, such as atmospheric air ; the 
greater the difference in the density of the tivo gases, the 
more rapidly and the more forcibly will this take place.* 
At the same time that the fluid parts with one gas, it 
absorbs the other in its place. A porous membrane 
ofl^rs no more interruption to the process than the tube 
uniting the two vessels, mentioned in the observations on 
the diffusion of gases. In these facts we tind the key 
to the explanation of the changes taking place between 
the blood and surrounding air. The carbonic acid of 

* It is owing to thii cinse tbal the &gitalion of b, gtus oC claia- 
H^gat wiite, ifln it ht» beeome still, reproduces efleiv^Bcence. 
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the former Is exhaled, and the oxygen of the latter ab- 
sorbed. 

Changes which the Blood undergoes in the Lungs. — 
Since the discovery of tlie circulation of the blood, it 
has been known that an important change is effected io 
the character of the blood by exposure to atmospheric 
air in the lungs. The most striking change is in the 
color, from the dork purple of the venous fluid to the 
rich crimson of the arterial. But it is the changes in 
the chemical character of the blood, of which this color 
is the index, with which we are interested. By careful 
and accurate experiments on the blood, it has been as- 
certained that both arterial and venous contain carbooic 
acid, nitrogen, and oxygen, hut in different proportioDSj 
venous blood contains most carbonic acid, and arleritl 
blood most oxygen ; the proportion of nitrogen in tbe 
two is not always different. The quantity of gas con- 
tained in the blood amounts in the mean to i^ of tbe 
volume of the blood itself ; the oxygen of the veooui 
blood equals at most {, and often only \, of the carb«iic 
acid which the same blood contains ; while in the arterial 
blood the osygen equals at least J, and almost alfrays 
], the quantity of carbonic acid. These gases, it must 
be remembered, do not exist in the blood in an aerifoni 
state, but are in a state of solution in it, just as atmo»- 
pheric air is in the water of rivers. 

The globules of blood contain a compound of iFODi 
it is always present.* From a consideration of the chat- 

' ll la said Ihal the wile of a diatinguislied French cliemial weuH 
ring mndc of Ihi; iron of tlie blood drawn from liEi husband durig^H 
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acters of the compounds of iron, it has been supposed that 
the iron of the blood is saturated with oxjgen, and that 
it loses a part of it in the living state during its passage 
through the capillaries, the oxygen uniting with the or- 
ganic matter of the system. One of the products of ox- 
idation formed in the process is carbonic acid. The 
compound of iron in the venous blood has the property 
of combining with carbonic acid ; hence the globules, 
if ihey lose a part of their oxygen, will, if they meet 
with carbonic acid, combine with it. When the globules 
reach the lungs, they will again take np the oxygen they 
have lost ; for every volume of oxygen absorbed ihey 
will yield a corresponding volume of carbonic acid, will 
return to their former state, and may again give off 
oxygen. As carbonic acid contains its own volume of 
oxygen without condensation, for every volume of oxy- 
gen which the globides give off there will be formed an 
equal volume of carbonic acid.* According to these 
views, the globules of arterial blood in their passage 
through the capillaries yield oxygen to the constituents 
of the various tissues by which they become lifeless com- 
pounds. But a small portion of the oxygen would be 
required in this process ; the greater part is employed in 
converting into oxidized compounds these lifeless parts. 
In their return towards the heart, the globules which 

Kcute disense. If, as is eati matted, 10,000 parte uf blood contain eight 

psrls of peroxide of iron, fonr pounds of blood might give tight gniiAa ' 

of metBllic iron, sufficient for making a wire ring of Itie usual size. 

* Liebig, Animil Chemiitrj. Respiration. Mulder Bupposesttaat 

eebangeof color in the blood i« owing to i ohuogeof fonaln^M 
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have lost their oxygen combine with carbonic acid, pro- 
ducing venous blood ; and when they reach the lungs, 
an exchange lakes place between this carbonic acid and 
the oxygen of the atmosphere. We see, then, that two 
processes of oxidation are going on ; one in the lungs, 
the other in the capillaries. By means of the former, in 
spite of the cooling from contact with the inspired air, 
and the evaporative process, the constant temperature of 
the lungs is kept up, while the beat of the rest of tbe 
body is supplied by the latter. 

Besides the exhalation of carbonic acid, it is found 
that the expired air contains a considerable amount of 
aqueous vapor. The manner in which water is trans- 
ferred ftom the blood is in accordance with the physical 
laws we have already mentioned. The amount of this 
vapor is variously estimated, according to the mode of 
conducting the experiment and the quanlily already ex- 
bting in the air. It is evident that exhalation can take 
place only when less vapor exists in the inspired than tbe 
expired air, and that it will take place just in proportioa 
as this is less. The dew-point of the human breath has 
been ascertained to be 94°.* 

* According to Dalton'e table of (he elastic force of vapor, it ip- 

pe*T> that a dew-point of 94° correspondH to a force of 1.53 inchw rf 

nieroQry j nnd as the Hpecifio gravity of vapor ia bul live eightbs Uul 

■ find, by dividing the weight of air by the weight of the n- 

1 about one thirly-liral part of the weigbl 

IS inspired; for tlit 

vapor is one fortj- 

this last dew-point, 

and subtract it fi«« 

. be that eihaletl. ^M 



Lpor 1 that the vapor la about one th 

. ofthe eipired nit. This ia always more 
highest dew-point of tbe air is 6U°, at wh 
seventh of tbe weight of tlic air. Ifweu 
and consequently the amount of vapor in I 
the quantity eipircd, llie remainder must 
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[■ From calculations it has been estimated, that, with 
* dew-poiot of 32°, one pound of vapor escapes for 
every thirty-Gve pounds of expired air ; and with a 
dew-point of 75°, we exhale one pound for every 
I sixty-nine. As the dew-point is higher in summer 
l^n in winter, we exhale less in the former than 
fin the latter. The amount is usually estimated at six- 
teen or twenty ounces in the twenty-four hours. This is 
tiot pure water ; it contains carbonic acid gas and animal 
matter, and sometimes volatile substances which have 
been introduced into the blood, or formed in it. It is 
the animal matter which produces the putrid odor of this 
fluid when kept in a closed vessel. It is also noticed, 
that the breath of some individuals has a fetid odor, even 
when no carious teeth or ulcerations of the mucous mem- 
brane exist to occasion it. This is peculiarly obvious 
with many of the insane, often requiring distinct classi- 
fication from this cause alone. In these cases it un- 
doubtedly results from the excretion of odorous animal 
matter through the medium of the lungs, 

Under some circumstances, absorption of vapors and 
gases takes place by the lungs. It is undoubtedly in 
this way that sulphuretted hydrogen produces its fatal 
effects, when mingled with atmospheric air ; it has been 
found that an atmosphere containing ^ part will kill a 
bird, and ^ a dog. Professor DanieJI has lately shown 
that the waters of some of the African rivers, whose 
mouths are remarkably unhealthy, are impregnated with 
this gas to a considerable degree, derived probably from 
animal and vegelsWe matter decaying in a hoi c\\ma.\e. 
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Another gas which Is more closely coanected with our 
Eubject, inasmuch as it is one by which the iuhabiiaDU 
of all ill-vcntilaied apartmenlg are constantly surrounded, 
carbonic acid, is also absorbed by the lungs. That this 
is the fact, and that the injurious effects are not solely 
attributable to the impediments offered to its exhalation, 
has been proved by experiment. It has been ascertained 
that a land tortoise may be deprived of the use of one 
lung by lying its air-tube, and yet support life by means 
of the other for some days ; but if one lung be made to 
inspire carbonic acid, while the other breathes pure air, 
instead of living days, the animal dies in a few hours. 

We see, then, that the removal of the poisonous gasH 
produced by respiration is doubly important ; for they act 
pot merely by preventing the excretion of those which, if 
retained, will be injurious, but, after being excreted, th^ 
may be again introduced into the system. 

The skin is also a secreting organ. That it secretet 
aqueous vapor is well known ; this is not exhaled bj 
oozing through the pores physically, but is a vital process. 
The glands by which the secretion is produced are cu- 
riously contorted tubes, seated just below the true skin, 
and distributed over the whole surface of the body. 
The secretion finds its way to the surface by means dl 
a spiral canal, opening obliquely. In such a maimer tUl 
the thin external skin, or cuticle, acts as a valve upoi 
its mouth. This secretion is usually In the form of n- 
por, which is dissipated as soon as formed, and is cw 
sequently Insensible ; at other times it collects in ojjimtl, 
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drops upon the skin, and becomes sensible, forming 
sweat. 

The whole amount of fluid thus lost by the skin is 
supposed to be about nine grains troy per minute. Se- 
guin estimated that lost by the two surfaces, cutaneous 
and pulmonary, al fourteen grains per minute ; five grains 
from the former, and nine grains from the latter. Sup- 
posing it constant, we should, according to these esti- 
mates, lose, at the maximum, two and a quarter pounds 
in tweniy-four hours, and at the minimum, one pound and 
a half. This must be considered as an approximation 
only, since it must vary in some degree with the dew- 
point, and temperature, and ilie motion of the atmosphere. 
Temperature influences perspiration to a great degree, 
as is well known. It is the great protection against in- 
tense heat, — so great a protection, indeed, that the hu- 
man body has been able to endure a heat more than 
ODe hundred degrees above its usual temperature, with- 
out itself experiencing any elevation. The secretion of 
the glands just mentioned increases rapidly with lie 
temperature, stands upon and bathes the skin, and, while 
assuming the gaseous state, absorbs the free caloric 
which would otherwise heat the body. This will, how- 
ever, take place only in a hot and dry atmosphere ; 
should it be already saturated, it will be no more sup- 
portable than a steam-bath of the same temperamre. 
Hence, again, we see that the amount of ventilation must 
be increased with increased elevation of temperature. 
Carbonic add escapes from the skin also. Id sotae , 
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of the lower orders of animals, life can be maintained for 
many days by the respiration thus carried on. A Hying 
human limb has been inclosed in an impervious coyering 
containing air deprived of carbomc acid, and yet, after 
a time, analysis did not fail to detect it. 

We have now considered some of the changes wiidi 
experiment has shown are produced by respiratioo ■ 
atmospheric air. They have been made principaUy apoa 
few persons. Experiments confirming them have since 
been made upon a larger number, and under circm- 
stances in which persons in assemblies, schoolrooms, u' 
hospitals are usually found. The results will be fooi' l^c 
in the table in the Appendix, No. VIII., from the Me* 
moir on the Analysis of Confined Air, by Feliz#Il^ 
blanc. ■% 
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Lighting. — Pmducta of CambaBtion of Gsi, Oil, Ttltonr, and Wax 

Himilai to Ihoee by Respiration. — Cuibon eBiential to tlie Pcoduo- 
tion of Ligbt. — Consumption of Candles. — Qiiantily of Oil oon- 
■iliiied b; & common Lamp. — B; an Argand Lamp. — Aqaeous 
Vapor and Carbonic Acid given off. — Air required for Combustion 
of Oil. — Exclusive Lighting. — Fnradsy's Lamp, Glass, and Tube. 

Lighting. — The producls of the combtislion of car- 
buretted hydrogen gas, wax, oil, and tallow, which arc 
used io the production of artificial light, are like those 
IJTen out by respiration, carbonic acid and aqueous va- 
por. Wax, oil, and tallow are composed of carbon, 
oxygen, and hydrogen ; llie combination of oxygen with 
the carbon prodtices carbonic acid, and with the hydro- 
gen, water ; carbureiled hydrogen is composed of carbon 
and hydrogen, which are also converted during combus- 
tion into water and carbonic acid. The oil, tallow, 
*Qd wax are all converted into gases before combustion 
Can take place with the production of light ; but it is not 
'he combustion of the vapor of carbon that produces the 
'^'hite light ; that depends upon the precipitation of the 
*olid portions of carbon; when burning as a gas, it affords 
4 Very feeble bluish light only. 

Dr. Ure, before a committee of the British House of 
'-oinmonsj on lighting that house, in 1842, gave the fol- 
i ^oViffiF explanation with reeard to flame. "In the bum- 
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ing of coal gas, and of all kinds of carburetled hydro- 
gen, the white light is produced by ignltioD of the solid 
particles of carbon, precipitated first of all in the inte- 
rior of the flame ; for the hydrogen burns first, from its 
greater affinity to oxygen ; and after it is partially burn- 
ed, the carbon which was formerly combined with it, and 
as it were in a state of solution, is precipitated m solid 
particles ; and these solid particles, getting highly igiiit-_ 
ed, produce the white flame. Carbon, as long as it is in 
solution in the hydrogen, and if it be all burned simulta- 
neously with that hydrogen, burns with a faint blue light. 
In the common Argand burner, the supply of atmospheric 
air being free, a portion of the carbon, near the base (rf 
the flame, for the space of about three quarters of an 
inch, is burned in its gaseous state, and gives out much 
heat with very little light." As the oil and tallow bunij 
after being first converted into gas, what is said of gas 
is true of these also. 

From experiments made upon the burning of wix 
candles, it is found that what is called a short ibree-in- 
the-pound burns 125 grains of wax per hour. Ww 
contains 81.75 parts in 100 of carbon, and it can be 
easily shown that it generates by combustion 300 paiis 
by weight of carbonic acid. Hence 125 grains of wu 
will generate 375 grains of carbonic acid, equivalent B 
800 cubic inches of die gas. 

From the mean of several experiments made withi 
two -wicked lamp, each tube being one fourth of an inch 9 
diametet} the flame one inckand a half liigh, it was foiiq^ 
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that two fluid drams of whale-oj) were consumed each 
hour. Whale oil contains 68.8 parts in 100 of carbon, 
from which we conclude thai two drams produce 354 
grains of carbonic acid, or 540 cubic inches. An Ar- 
gand lamp, burning brighdy, consumed in one hour ten 
drams of oil, and would consequently produce 1270 
grains, or 2700 cubic inches, of carbonic acid. The 
gas burner of the Boston Gas Company, with twenty- 
two holes and a chimney, with a flame about three inches 
long, burns four feet of gas per hour. A cubic foot of 
carburetted hydrogen, estimating iis carbon at 75 parts 
in 100, produces 807 grains of carbonic acid, or 1720 
cubic inches. 

The aqueous vapor may be easily esiinialed, if we 
recoDect that for every grain of hydrogen uniting with 
eight grains of oxygen nine grains of water are produced. 
The proportion of hydrogen in carburetted hydrogen is 
25 parts in 100, or 73.5 grains in a cubic foot ; see 
table, page 1 1 ; hence, 661.5 grains of water are evolv- 
ed by the consumption of one cubic foot of gas. 

The following facts will convey some idea of the 
amount of air consumed, and the impurities evolved, in 
the process of lighting. 

A pint of oil when burned produces a pint and a 
quarter of water ; a pound of gas, more than two and a 
half pounds of water. 

An Argand gas-burner, in a shop-window, will pro- 
duce in four hours two and a half pints of water, which 
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may be condensed upon the goods, the window, or 
any otber cold subs lances. 

The Argand burner of the Boston Gas Company 
with twenty-two holes will produce in four hours, when 
burning at the rate of four feet per hour, twenty-two 
ounces, or a pint and six ounces, of water, and four feet 
of carbonic acid, which will reader four hundred cubic 
feet of atmospheric air unfit for respiration. 

A pound of oil produces 2.86 pounds of carbonic 
acid, and consumes the oxygen contained in 13.38 
cubic feet of atmospheric air. 

A pound of coal-gas produces 2.56 pounds of cv- 
bonio acid, and consumes 4.25 cubic feet of oxygen, 
which is equivalent to that contained in 21.25 cubic feet 
of atmospheric air. For every cubic foot of gas burn- 
ed, an equal quantity of carbonic acid is produced, and 
renders, according to Leblanc, 100 cubic feet of ait 
unfit for respiration. 

As an illustration of the demand for air to produce 
efficient lighting, we may mention the foUowing. In the 
veslry of a meetinghouse in Boston, some years since, 
great complaint was made of the impurity of the oil 
used ; it burned well for a lime, when the lamps grew 
dim, and continued to grow more so through the even- 
ing. The sexton was directed to procure better ; be 
tried many kinds, but all to no purpose. He had noiic' 
ed, however, that, the longer he was compelled to re- 
main after the services, and listen to the complaints of 
the aggrieved, the better his lamps burned, which wu 
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r sooD interpreted to mean tbe improvement of the air 
I consequent upon the opening of tbe doors and the de- 
I partuie of the audience. 

I To avoid the injurious effects which must follow 

from the impurities above mentioned, as well as lo 

I improve the quality of the light, exclusive lighting, as 

I it is called, has been adopted. In this arrangement, 

I tbe light is either entirely without the room to be 

' lighted, the rays bemg admitted through glass, or tubes 

are provided, by which the products of combustion are 

conveyed by the chimney or other flues to the external 

air ; in this case, the lamp is supplied with air from the 

room. In another mode, in which there- is a tube for 

supplying pure air from without, the lamp is practically 

as exclusive as that first mentioned. 

Professor Faraday adopted a very simple plan for 
Fig, 1. 
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England. He placed a metallic tube about ods mch 
diameter over the lamp glass, dipping dowa into it oae 
or two inches, and connecting by its other extremity 
with a flue, as is represented in fig. 1. The plan was 
perfectly successful. 

To this succeeded a beautiful and apparently perfect 
form of lamp ventilation ; it is the application of a de- 
scending draught. The gas light has its glass chiRoney 
as usual, but the glass holder is so constructed as to 
sustain not merely the chimney, but an outer cylinder 
of glass larger and taller than the first ; the glass holder 
has an aperture in it connected by a mouthpiece with 
a metallic tube which serves as a ventilating flue, and 
which, after passing horizontally to the centre of the 
chandelier, then ascends to produce a draught and carry 
off the hurned air. 

Fig. 2, a is the burner ; h, the gas-pipe leading to 
the burner ; c, the glass chimney standing upon the glass- 
holder, which has an aperture in it opening into the 
mouthpiece, rf, which is attached to the metal chimney, 
i ; /,/, an outer cylinder of glass closed at the top by a 
plate of mica, g-, or, still better, by two plates of mica, 
one resting on the top of the glass, and the other. A, drop- 
ping a short way into it. They are connected together 
by a metal screw and nut, which also keeps them a little 
apart, thus forming a stopper, which cannot he shaken 
off the glass chimney, hut is easily hfted on and off by 
the small metal ring or knob at top ; k, ft, is a ground 
globe which may be applied to the lamp, and which big . 
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Qo opeDing except the hole at the bottom, where it rests 
on the glass-holder ; but any other form, as a lotus-glass 
or vase, may be substituted at pleasure. 
Fig. 3. Fig. 8. 




Fig. 3 is a plan of the glass holder, showing the 
burner, a, m the cenue perforated with jets, with open- 
ings around it to allow of a free admission of air to the 
Bame, and the aperture, d, which opens into the mouth- 
piece connected with the metal chimney, i. 

The burned air and results of combustion take the 
course indicated by the arrows, and are entirely carried 
away by the chimney.* 

It may be observed, that, unless the flue of this lamp 
is connected with a flue having a draught, it will be 
necessary to heat the ascending part of the lube to 
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produce a downward draught. In either case, the tube 
should be fitted with a proper valve for controlling the 
ascending current. * 

* For the composition of oil, wax, tallow, and carboretted hydrog«o, 
and tables of the comparative value of different lamps both in econo* 
mj and quantity of light, see Appendix, Nos. IX. and X. 
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CHAPTER VI. 

VITIATED AIR. 

rbanic Acid, if pure, mii; produce Death by SufTocation. — If 
liluted, b; poisoning. — Mr. Couthupe'e Experiment. — AccidenM 
roia Inhal&tion of Fumeg of Charcoal. — One per cent, of Car- 
ionic Acid in Almospheric Air renders it unfit for Respiration. — 
^arhonometer. — Carbonic Oiide t Product of Combustion. — Iti 
BSectB on Birds.— Hydro-sulphuric Acid Gns, or SulpimreltEd 
Hydrogen. — Exceedingly energetic. -_ Supposed by Dr. Gnrdner 
o he the Cause of Fever and Ague. — Sulphurous Acid Gas. — 
EroWed during CombuMion of Brimstone. — Chlorine Gae. — It- 
itates the Lungs, when respired. — Should be used witli Caution in 
Sick-rooms. — Mechanical Impurities. — Miasm, — Agents which 
may destroy conlagioaa Miasm. — Cold, — Heat. — Smoke from 
Gas Manu&ctDrics. — Steam- planing Mills, GiaBahouses, &c. — 
Dr. Reid's Definition of Smoke. — Enumeration of its Conslit- 



Iis the chapter on respiration, we have pointed out 
ime of the impurities which may be poured into the air 

our dwelhngs by that process ; but there are others, 
iaing from other sources, sometimes little suspected, 
ihough ihey may produce injurious or even fatal effects 
>on those exposed to their influence. The causes of 
lese impurities should be known, and, if possible, their 
nount determined, if we would act upon a rational plan 
I our attempts to destroy or remove (hem. 

Tlie following are the gases most intimately connected 
lib our subject : — 
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CarboDic acid, 
Carbonic oxide, 
Hydrosulphuric acid, 
Sulphurous acid, 
Chlorine. 

CARBONIC ACID,* 

We are most frequently exposed to the influence of 
this gas, and probably a greater number of fatal results are 
produced by it than by all the others. It is evolved from 
burning fuel, from lime-kilns, brewer's vats during the 
fermentation of beer, in closeSy covered wells, and coal- 
mioes. It is alao, as we have seen, the product of res- 
piration, and its accumulation from tliJs is quite as fatal 
as when derived from either of the other sources. 

Some discussion has arisen among physiologists as to 
the cause of death from exposure to carbonic acid, 
whether it is simply by suffocation, or whether the gas 
acts as a poison. It would seem that the different effects 
depend upon the purity of the gas. If quite undiluted, 
the organs of respiration are so strongly irritated, that the 
glottis closes spasmodically, and inspiration is complete- 
ly prevented ; consequently, when a person enters a 
beer-vat or long closed well, he falls at once from suffo- 

* The physiological effects of delelerioiiB gaaCB iinve been drawa 
prinoipall; from Dr Ctiriatisan's work on Foisona, Ktid the valiubla 
te>earche» of M. Felii Leblanc on Confined Air, Annates de Chimk 
et de Physique, 1842, to which the trader ia referred for s detailed 
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cation, dying before any influence can be felt from Ihe 
poisonous qualities of the gas. When carbonic acid is 
largely diluted with atmospheric air, the effects are en- 
tirely different ; if pure, it produces violent and irregu- 
lar convulsions of the whole body, and perfect insensi' 
bility, followed by fits of spasms like tetanus, and finally 
death. These symptoms, it should be remembered, are 
produced even when a light continues to burn, and when 
there is no smell nor taste ; hence, the usual test of the 
lighted candle for carbonic acid in wells should not be 
too much relied on. 

These cases of poisoning from pure carbonic acid are 
rare, compared with those occasioned by the products of 
combustion, which contain, besides carbonic acid, car- 
bonic oxide, and carburelted hydrogen. One of the best 
accounts of the symptoms of poisoning is given by Mr. 
Coathupe, of England, in his account of an experiment 
with a stove in vogue atthe time, which it was alleged did 
not require a chimney, as the fuel would burn without 
contaminating the air ; this fuel was neither more nor less 
than a kind of charcoal. In four hours after placing the 
stove in a room of the capacity of eighty cubic yards, 
Mr. Coathupe had slight giddiness ; in five hours and a 
half, intense giddiness, the desire to vomit widiout the 
power, great muscular prostration, a sense of distention 
of the cerebral arteries, agonizing headache, but no 
sense of suffocation. At this time he could with diffi- 
culty remove the stove, and in seven hours was unable 
to teU wliai ffa^ the matter with lum, although consctouS) 
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and then slowly recovered.* In November, 1838, tvo 
men were poisoned hy the gases from charcoal, in one 
of ihe halls of Harvard College. They slepl in a small 
room, twelve feel long by ten feel wide and eigbt feel 
high ; before going to bed, an iron kettle, contabing a 
quantity of ignited charcoal, was placed in ihe roomj 
and the door closed. About four o'clock on the follow- 
ing morning, they were discovered breathing heavily, with 
livid and bloated countenances, and without any signs of 
sensibility. The lamp which stood upon the table wai 
still burning. In the course of the day, they were mads 
to breathe oxygen gas, and electricity was used in vari- 
ous ways, but without arousing them ; on the fotlowu:^ 
diiy, one had so far recovered as to be able to sit up, 
but the other never revived, and died on the fourth 
day.t 

• Th« ilore wm cBlled ihe Joyce glove bj its inventor. It pro- 
duced similu' e&ecla in r number of inaUnces, and in one cose, irbBtt 
two of [hem were uied lo trarnia church, eeventy persona wereaficct' 
ed in a manner aimilar lo thai mentioned. 

t Tlie rollowing account ia given hj a person nho determined IS 
pul an end lo liia eiiatence by poisoning with charcoal. He wnit* 
down Ilia aensations as they were perceived. 

" I light my furnace, and place my candle and lamp on the tabic 
ItlU) my watch. It ia now 15 miontea past 10. The chare oal lighu 
with ilillloully. I have placed a funnel on each furnace lo aid tbc 
IttllwnriheBre. 90 mm. past 10. The fitnneb fiill ; I replace Iben; 
^IWt 4«n not ^ to uiy aatiafectian. The pnlse ia calm and beala ■ 
^W»l. 10 >l. 90- A thick vapor apreads iuelf by degrvea in the ehw 
Stt Mj candle aeeDia ready lo go auL My lamp does better. A 
^MMt WwiMb* OoniDHneea. My eyea are filled with lean ; 1 bin 
^jUftHA'Vlirvinf- to h. 40. My candle is eilinguished. Ihe Inf 
■HUl'VlMk tfW lemptes lieat aa if Uie veina would bant. I ■■ 
■^mH^-^WNttkMiibljattliertoniuh; tW polM beat* 40 per Mfc . 
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It should be borne Jn mind that complete closure of 
aB apartment is not necessary for the action of carbonic 
acid ; for poisoning has occurred even where a window 
had been left partially open. 

Fresh wood has the property of absorbing oxygen ; 
dry wood which has been moistened absorbs oxygen 
very rapidly from the air, and produces carbonic acid. 
When villages situated on the banks of rivers become 
inundated by floods, this property of wood gives rise 
10 much disease. All parts of the wood-work of the 
buildings become saturated with water, which evaporates 
slowly, exposing them for a long time to this slow 
species of combustion. 

It is probable that the gases escaping from a candle 
just extinguished are more fatal than would be due to 
carbonic acid merely. A party of persons carousing 
amused themselves with holding a candle, just extinguish- 
ed., under the nose of a boy who was sleeping in the 
corner of a room. At first, he aroused a little each time ; 
but when the amusement had been continued half an 
hour, he began to breathe laboriously, became epileptic, 
and died on the third day. 

Analysis of artificial airs has led to the conclusion, 



10. 50. I Bjn sufTociitecl. Strange ideas present themBelves to mj 
mind. 1 can hard); breathe. 1 shall not live lonjf. I liave ajmp- 
loms of madness. [Here he confounds the hours with the minuteB.] 
10 b. 60. I can hardly write; mj vision is disturbed ; my lamp flick- 
ers j I did not believe we auffeted bo much in djing. 10 h. 6am. 
[Here were some illegible characlerB.]" — London Medical Gaiette, 
F«ti. 1837. Liebig, Agricultural Chemistrj, p. 34, 3d edilian. 



76 CARBONIC ACID. 

that, judging from its effect upon animals, a man may 
breathe a considerable quantity of pure carbonic acid 
without immediately sinking under its effects. In an at- 
mosphere containing five or six per cent, of carbonic 
acid derived from respiration or combustion, the flame of 
a candle is extinguished; and although life may continue 
for a time, tlie breathing becomes painful. Miners and 
others gradually accustom themselves to an atmesphere 
containing an increasing amount of carbonic acid, which 
would destroy a person suddenly entering it without such 
preparation ; but even with miners frequent accidents 
occur, showing that no dependence can be placed upon 
any presumed immunity from danger owing to this habit. 
In the North of England, miners are in the habit of 
burning the small unmerchantable coal at the mouth of 
the pit, to get rid of it. The coal thus burned has 
been estimated by Dr. Buckland to amount to millions 
of tons, annually. The carbonic acid and other gases 
drift along the surface of the earth, and, if the wind is in 
a certain direction, the houses of the pitmen, and the 
air-shaft which supplies the mine, may have no other 
air than that which is contaminated by these gases. 
The report on the sanatory condition of the nortben 
coal-mine district says, — " Many cases were met with 
where perpetual headache occurred in the vicinity of 
coal-pits, which the complaining parties stated continual- 
ly hung upon them, except when they left the pU-nrnt 
in which they suffered, and went to more elevated ground. 
Even women, who never descend into the mines in this 
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jstrict, complained of the perpetual headache which 
(^pressed ihem in the vicinily of some of the pits," 

We have before shown, that, ahhough carbonic acid 
IB a much heavier gas than atmospheric air, it does not, 
from this cause, fall to ihe floor, but is equally diffused 
through the room. If the gas is formed on [lie floor 
without change of temperature, this diffusion may not 
take place rapidly. In the celebrated Grotto del Cane, 
carbonic acid escapes from the floor, and rises to a cer- 
tain height, which is pretty well defined to the sight on 
the walls ; below this line a dog is destroyed, as if in 
water ; above it, he is not affected. An analysts of the 
air above and below a brazier has been made, and it was 
found equally contaminated, — the former containing 4, 65 
per cent., and the latter 4.5 per cent, of carbonic acid. 
From the experiments of M, Devergie, who has devoted 
much attention to the poisonous effects of these gases, it 
appears that the heal disengaged from the combustion of 
charcoal produces an equable mixture at all elevations 
m the apartment, and this state of things continues as 
iong as the room remains warm ; hut after twelve hours 
or more, the carbonic acid sinks, and while that near the 
ceiling contains only a seventy-eighth, that near the floor 
contains nearly four times as much, or a nineteenth ; this 
may account for the discrepancy in its effects upon dif- 
ferent individuals. This, it will be perceived, occurs 
when the amount of carbonic acid is excessive, one 
fiftieth of the whole amount of air, supposing it equally 
distributed, and after twelve hours. 



W - \ 

^^H It has been determined froni experiments od aDimals, W 

^^f and from its observed effects upon men, that an aODOS- ■ 
phere containing one per cent, of carbonic acid must be I 
considered as injurious, and requiring immediate ventila- 
lion. When air has been rendered impure by ihe gases 
evolved from burning charcoal, a much smaller propor- 
tion of carbonic acid is indicative of danger. 

Although other causes may combine to injure the air 
of a room io which many persons are respiring, it is on 
undoubted fact that carbonic acid always exists tn sucb 
an atmosphere, increases with the impurity, and thus be- 
comes an index of its amount. The greater the amount 
of this gas, the more urgent the necessity for ventila- 
tion. 

It is a matter of some importance, both in a sciendSe 
and practical point of view, to be able to determine the 
proportion of carbonic acid existing in any air. WbBi 
we are in a room the air of which is gradually becomiif 
I impure, we are not aware of it from our own sensations, 

unless it has gone to the extent of producing headache ot 
weakness of the hmbs ; but we can always make a close 
approximation to the degree of impurity by means of sub- 
stances which absorb the carbonic acid and render tbe 
compound visible. This is done by the use of lime- 
water, or better by water in which the earth barytes has 
been dissolved. • If a portion of either of these fluids be 

• Lime-water is mada by slaking four ounces of rreah-burnt lima in 
a gaQon of boiling water, and sgilaling it. After it hoa stood fori 
the greater part of tbe lime (For on J j about ten graina to tbe pint I 
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placed in a vessel into which air can be blown from the 
luDgs tfarpugb a tube, it becomes immediately turbid from 
a precipitate formed by the union of the carbonic acid of 
tbe expired air with the lime or barytes in solution, thus 
producing an insoluble precipitate of the carbonate of 
these substances. A ready mode of testing the presence 
of carbonic acid is to fill a phial with pure water ; oo 
emp^iog it in the room to be examined, pour a small 
quanti^ of the test liquid into the empty phial, and shake 
it a moment ; the turbidoess will indicate the amount of 
tmpuriiy. 

Dr. Reid has recommended an instrument called a 
carbonometer, by which we may ascertain accurately 
the amount of impurity. It consists of a tall, bottom- 
less bottle (see fig. 4), with a tube and stop-cock 
Fig. *. 
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\» diMolred) will wttle t« the bottom, tad the cleu liquid dik; be 
poured off lodcoAed npfbr uie. IfleflezpoKd to the atrooapbere, 
it kcqiiiiei %. film of cubonste of lime from iti union with (he oar- 
bwiic acid of the ttmosphere. Bary Uc water ma; be made I17 dia- 
•olnng the eartli in cold water, allowing it to letile, and pouring off 
tbe clear Uquid. The same precautioni ihonld be taken to excV^&e 
the air a* ia Uu lime-mter. 



CARDOMC OXtDB. I 

inserted into the usual opening at the top, the extrenut; 
of the tube being filted with a stopper, and having t 
bulbed tube attached to its side, or, what is better, i 
Liebig's tube, which is composed of five bulbs blown 
upon the same tube, as represented in the figure. 
This tube is to be filled with a solution of lime or ba- 
rytesj leaving a small bubble of air in each bulb. The 
air, in passing through this apparatus, is much more per- 
fectly exposed to the liquid it contains than in a sii^ 
bulb. 

When we wish to make an observation, we fill the bot- 
tle with water, by immersing it while the stop-cock is 
open, or by exhausting the air from it, and then dose 
the stop-cock. A quantity of test water is placed in th* 
bulbs, and the water allowed to descend slowly into the 
bottle, drawing the air after it through the bulbs. By 
graduating the bottle, we may know how many cubic 
inches of air have passed through the test fluid, and, 
collecting and weighing the precipitate, either in or out 
of the bulb, calculate the amount of carbonic acid I^» 
table of chemical equivalents, 

CARBONIC OXIDE. 

Carbonic oxide differs from carbonic acid in its chem- 
ical constitution ; it contains but half as much 



a oxygen I 

the same amount of carbon. Its weight is but one grab 
less to the cubic inch than atmospheric air, while CHP- 
bonic acid weighs one third more than air. Unlike of 
bonic acid, it burns, when inflamed by a candle, witb l 
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pale blue flame ; it is that which we see flickering over 
our anthracite coal-fire, when burning slowly, and which 
appears at ihe lop of furnace-chimneys. In this latter 
instance the gas is heated sufiicieutly hot to burn, but 
does not meet with enough oxygen until it reaches the es- 
leroal air at the chimney-top, when it is immediately 
transformed into carbonic acid. It is one of the gases 
escaping during the combustion of charcoal ; but its in- 
jurious effects upon animal life have not until lately been 
clearly recognized, M. Lehlanc ascertained, that, when 
carbonic oxide constituted four or five per cent, of the 
air, it instantly proved fatal to a sparrow ; one per cent, 
destroyed a fowl in two mioutes. A gentleman who in- 
baled it two or three times was seized with giddiness, 
tremor, and an approach to insensibility, succeeded by 
languor, weakness, and headache of some hours' dura- 

liOD.* 

Water absorbs about one fiftieth of its bulk only ; it 
I does not produce a precipitate with lime-water. 

H7DR0-SULPHITKIC ACID GAS. 

, This gas is distinguished from all others by its offen- 

isive taste and odor, which resembles that of rotten eggs, 
or some of the sulphurous spring- waters. According to 
experiments made by Dupuytren and Thenard, atmos- 
pheric air containing jj'm is instantly fatal to a small 
bird, nb) destroys a middling sized dog, and gsg, a horse. 
Instances of its poisonous efl^ects are not unfrcquent 




^^H S2 HYDBo-BULpauaic acid gas, I 

^^H amoDg those employed in removing the Glth froni ihe T . 

^^f Parisian privies. When it exists in a large quantity, ihe W 
individual falls suddenly down, becomes insensible, and 
dies immediately, unless withdrawn at once from the in- 
fluence of llie poison. When diluted, its effects vary ; 
in some it produces a tendency to sleep, and an entire 
loss of recollection, on recovery, of all that happened 
after the accident ; in other cases delirium exists, follow- 
ed invariably by difficulty of breathing, convulsions, and 
death. In slighter exposures, there is sickness, with 
colic, and indefinite pains in the chest, with a disposi- 
tion to sleep. 

Of late, physicians have suspected a close conneclioa 
between it and malaria. In the American Journal <rf 
Medical Sciences for 1843, Dr. Gardner, of Hampden- 
Sidney College, attempts to show that it is the active 
agent in producing fevers in malarious districts, whether 
upon the seaboard or in the interior. He made nuroer- 
ous experiments, by suspending carefully cleaned pieces 
of coin in the water of rivers, marshes, and springs ; an 
indication of its presence would be had in the staining 
of the coins, and it was found to take place in tbe 
marshes and springs in twenty-two hours; in the rivers, 
especially if deep, it required a month ; but in all cases 
it was ultimately stained. 

Dr. Gardner supposes that tbe reason why malari) 
does not exist about marshes near Boston, Massachr 
setts, is that iron or zinc, or other metals, exist in tbe 
subsoil, which unite with the sulphur and prevent tbe 
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dfivelopmeDt of sulphuretted hydrogen. But this would 
ior^ly explain its former prevalence iu that part of New 
England, sioce the subsoil has not probably changed its 
character. 

Parent-Duchatelel has shown, in his work on Hy- 
giene Publique, Vol. I., p. 349, note, that some diseases 
are aggravated to a remarkable degree by the presence 
of sulphuretted hydrogen in the wards of hospitals ; 
so obvious is the effect, that it may be made a test of 
ihe class of complaints to which he refers. 

Dr. Christison ooticed, that daily exposure to it in a 
mioute quantity caused, in a few weeks, an extraordinary 
lassitude, languor of the pulse, and defective appetite ; 
many of the workmen in tlie Thames Tunnel died from 
this cause. In England, twenty-two children were poi- 
soned, apparently by the escape of ibis gas from the 
cleanings of a sesspool which had been thrown upon 
iheir play-ground. 

It has the property of blackening carbonate of lead, 
and it is its presence in the emanations from privies acting 
upon (his substance that discolors the paint. The best 
test of its presence, when diffused in the air, is the 
moist while-lead of painters, spread upon white paper ; 
it is soon discolored, even when the quantity of gas does 
not exceed g^ of the volume of the air. 

SCLFHUROUE ACID. 

This is another of the gases produced during the com- 
of charcoal, and it is not impossible that some 
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of the supposed effect of carbonic acid may be owing 
it. It is only in connection with other impurities, 
ffhea much diluted with ihem, ibat it becomes poisonous, 
since, wben pure, it is so exceedingly irritating, ibat i[ 
produces violent spasm of the upper part of the wiod- 
pipe, and closes it, producing death by suffocation. The 
cough and uneasiness of the chest which it occasions 
must have been often experienced by those who use 
common brimstone matches, or are exposed to the smoke 
of anthracite coal. Dr. Turner ascertained that in 
its efi'ects upon vegetable life it was hardly less ener- 
geiic than hydro-sulphuric acid. It reddens, and after- 
wards bleaches, litmus paper ; hence, it might be used as 
8 test, where the quantity is considerable. 

CHLORINE GAS. 

It is generated in large quantities in bleaching estab- 
lishments ; it is also freely used in fumigation of sick- 
rooms. It has the property of destroying the volatile 
principles given off by decaying animal matter, by unit- 
ing with their hydrogen, and probably has a similar in- 
fluence on contagious effluvia. It is exceedingly irritat- 
ing, even in the minutest quantities, producing inflamim- 
tion in the lungs and air-passages. A young man who 
breathed it as an experiment experienced violent irrita- 
tion of the air-tubes, cough, tightness, sense of pressuM 
on the chest, and difficulty of breathing. 

From the manifest effects of this gas upon those ex- 
posed to its inSuence in bleacheries, and IJrom the facts 
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just mentioned, physicians and ihe attendants upon the 
sick should be warned against using it so freely as Is 
sometimes done ; we have little doubt ihat to those with 
weak lungs it has often proved decidedly injurious, und 
may have been sufficient to decide fatally the case of 
those already suffering from inflammation of these or- 
gans. 

Id some instances, tt is by no means improbable that 
the chlorine Js more injurious than the effluvia it is 
employed to remove. Ii is also a question, whether it is 
not quite as ivell to remove the offending substance, and 
sitbmit the apartment to a current of fresh air, as to re- 
move merely the indication of its presence. There can 
be no question, that so irritating a gas should be used as 
seldom as possible, and with great care, in ihe rooms of 
the sick, and indeed wherever it may enter the organs of 
respiration. 

MECHANICAL IMPURITIES OF THE AIR. 

There are other gases and vapors, evolved in the va- 
rious processes of ihe arts, which are injurious ; but these 
processes, in this country, have not been carried on to an 
extent sufficient to produce serious effects. Formerly, 
muriatic acid gas was allowed to escape from manufaclo- 
ries in sufficient quantity to produce a deleterious influ- 
ence upon the vegetation and animals in their vicinity ; 
even when discharged from a lofty chimney, it has been 
tested in air at the distance of two miles. Il is now 
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condensed by water, and applied to a useful purpose in 
the aris. 

Impuriiies arise from the volatilization of metals, or 
from their oxides, in the form of an impalpable powder. 
In this way, mercury, lead, and copper may be iniro- 
duced into the system through the lungs and skin, in suf- 
ficieot quantity to produce their specific effect. 

In Paris, not long since (see Annates d'Hygifene Pub- 
lique, No. 24), traces of verdigris were found in food 
which was hung over the fire in an uncovered vessd, 
and its origin was believed to have been the copper 
chimney of a neighbouring sleam-engine. Particles of 
the copper, it was supposed, had been transported, by 
the ascending current and wind, over the chimney, into 
which it fell. 

The arsenic and other metals, sometimes tised in die 
hardening and coloring of candles, give rise to iojvinous 
vapors during their combustion. In the Annales d'Hy- 
gi^ne Pubtique will be found a list of substances which 
may be used for coloring such articles, and which 
evolve no pernicious products. 

The vapor from the boiling of varnish containing gum 
copal, although it may not be injurious to the health, 
certainly renders the air offensive for a great distance to 
ihe leeward of the place where the operation is carried 
on. We have perceived the odor arising from it a raiie 
and a half from (he manufactory. 

The foul air escaping from the openings m drains is, 
in citieS) o fruitful source of offensive, and, if ihey con- 
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tain, as they freqiienily must, any of ihe three gases 6rs( 
mentioned, unhealthy smelis. In Strasbourg, a few years 
ago, a family of five was destroyed by tlie foul air which 
I had escaped from this source, and been diSiised over the 
house, and into the rooms where these persons slept. 

Whoever has noticed the motes floating in a sun- 
beam must be well convinced that even the best air con- 
lains a large amount of mechanical impurities. The dust 
from roads must afford a large supply, as well as the 
pollen and minute spores of the smaller plants. In a 
large city, the sources of mechanical impurities can hard- 
ly be pointed out, they are so varied in their nature ; the 
impalpable dusi from coal, and that from the streets, to- 
gether with the unconsumed particles of coal, especially 
if it is of the bituminous character, must form a great 
amount. 

We have known persons who have been engaged in 
carrying or breaking coal to expectorate phlegm still 
blackened by the dust, four or five weeks after leaving 
their employment. The influence of the grilty and irri- 
tating particles detached in the grinding of cutlery is 
well known. The form of disease induced by this cause 
is peculiar ; it produces inflammationj first, of the larger 
air-tubes, and then of the minute portions of the lungs, 
accompanied by frequent cough and asthma. Very few 
of the operatives employed in this branch of business 
pass the middle period of life. 

In a thorough system of ventilation, in a city, one of 
tbe first reqtiisites is to obtain air as free as possible from 



any of the impurities above mentioned; if the air isslOl I 
objectionable on this account, it must be subjected lo 
Buch processes as will sift them out or precipitate ihem 
from it. 

MIASM. 

Under this head we include all those unknown causes 
of disease which occasion epidemics and contagiMS] 
the effluvia from marshes and from human bodies, pro- 
ducing, in the one case, fever and ague, and in the other 
typhus. These causes may float in the air to a distance 
from their source, and, when they convey disease, in- 
variably reproduce that from which they are derived. 
Of this nature are the causes of small-pox and measles ; 
these diseases have always been true to themseivca; 
in no case has one been transformed into the other< 
It is probable, however, that the causes of epidemics do 
not exist in the air alone; it may be thai they are deriv- 
ed from the soil, or the system may require several years 
of preparation before the subtle agents in the air can End 
subjects for their propagation. 

Whatever may be (he nature of miasm, we know ibat 
certain stales of the atmosphere favor its propagation; 
in most instances, a warm, moist state is that which ia 
most favorable to animal and vegetable decomposition, 
and it is doubtless from this process that many impurities 
are derived. A degree of cold sufficient to freeze will 
put a stop lo all kinds of decomposition and the impuri- 
ties derived from it, and it is not probable that many 
L kinds of contagion are active after being exposed to 




Ikat of boiling water. Some chemical agents have 
TCuence over the effluvia of cootagious diseases, 
destroy tbeir power of propagation. 
According to Liebig, ammonia is very generally pro- 
duced in cases of disease ; it is always emitted in those 
la which contagion is generated, and is an invariable 
product of the decomposition of animal matter. The 
presence of ammonia in the air of chambers in wfaich 
diseased patients lie, particularly those afflicted with 
a contagious disease, may be readily detected; for, if it 
be present, the moisture condensed on vessels filled with 
ice produces a white precipitate with a solution of corro- 
sive sublimate. This is the usual test for a 



In England, attention has been strongly drawn to 
the amount of smoke emitted from the chimneys of 
some of the manufactories, and a committee was ap- 
pointed by the House of Commons to inquire into the 
means and the expediency of preventing the nuisance 
of smoke arising from fires and furnaces. During the 
sittings of this committee, distinguished chemists, engi- 
neers, and leading master-manufacturers were called be- 
fore them, and their views and opinions embodied in a 
report, with minutes of evidence, printed in August, 
1843. 

Over London, in calm weather, the smoke hangs like 

* Liebig'g Chemiatry of Agriculture und PfajBiologj, 4th Cam- 
bridge edition, p. 408. 
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a cloud, and whea there is a wind, it is drawn oul by il ps. 
into a siream extending twenty or thirty miles froraii s« 
cily. So constantly are the black particles, or blacka,a w 
they are called, falling, thai the number of days sheep 
had been in Regent's Park could be determined by dief 
blackness of the wool. There were counted on a sii^ 
piece of paper, three feet long and two feet wide, in llH 
neighbourhood of the Houses of Parliament, 2,000 
blacks, which had come through an open window, and 
had been deposited in the course of a single mornbg. 
Vegetation in the vicinity of large cities, as London aud 
Manchester, it is said, is seriously injured, and in some 
instances the trees are destroyed, by the coating of car- 
bonaceous matter with which they are covered,* 

In this country, on account of the consumption of 
wood and anthracite instead of bituminous coal, we 
are not annoyed by smoke to the same extent as the 
English ; still, those who are situated near gas man- 
ufacloriei, and steam- planing and sawing mills, and 
glass furnaces, cannot but feel its inQuence. The 
unburnt carbonaceous matter, carried up by the heat- 
ed air, falls at a distance proportioned to the force 
of the wind. If breathed with the air in which !( 
floats, it is deposited in the lungs, and, like all foreign 
substances, produces, if long continued, disease of their 
lining membrane. It falls upon the roofs of houses, and 
enters the rain-water cisterns ; it collects upon clothes 
exposed to dry, and enters open windows. During light 
* Report on Bmoka FraTeDtion, pp. M Mid 60. 
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kains, soot, from these sources, is preclptiated niih the 
■drops, and, if it happen to fait upon clothiag, can be re- 
inoved only by washing. The effect upon works of art 
nnd nice fumiture is injurious, and the labor of cleaning 
greatly increased. We much question whether any man- 
ufacturer or corporation should be allowed to produce 
such an amount of evil, while ways exist of effectually 
preveoting it, and when these ways are attended with a 
I laving of fuel proportioned to their successful opera- 
tion. 

At the request of the Committee of the House of 
Commons on Smoke Prevention, Dr. Reid gave a 
definition of tmoke, of which' the following is an ab- 
stract. 

The term smoke, applied in common language to any 
sooty exhalation or steam, includes a great number of 
products, ever varying, according to the nature of the 
materials from which it proceeds, and the manner in 
which these malerials are subjected to the action of heat 
and air, and mingled with other substances. 

1, Black smoke consisls essentially of carbon, sep- 
arated by heat from coal or other substances, wiih car- 
bonic acid and carbonic oxide ; if the heat accompany- 
ii^ its production is great, the carbon forms a very loose 
end powdery soot; if less, the larger the amount of the 
following substances : — 

Carbon, 
Water, 
Resin, 



Oily and inflamniable products of various volauliiiea, 



f 

^^H Carbonate of Ammonia. 

^^H 2. When the carbon, oils, resin, and water areasso- 

^^1 dated together in certain proportions, they constitute 
tar. Soft pitch is produced, if the tar be so far hestsd 
that the water is expelled ; and hard pilch, i. e. ruin 
blackened by the carbon, when the oils are volatUiied- 
A further heat resolves the pitch and oils into permanent 
gases and carbon. 

3. In all cases of ordinary combustion, the gases or 
other bodies containing carbon unite with the osy^en 
of the air and form carbonic acid, and this passing over 
red hot cinders will be deprived of one portion of its 
oxygen, and become carbonic oxide, and another por- 
tion of carbonic oxide will be produced hy the union with 
carbon of the portion of oxygen lost by the carbonic acid. 
If carbonic oxidepasses to the external air at a prop- 
er temperature and meets with sufficient oxygen, it bums 
with a pale-blue flame, and is converted into carbonic 
acid. 

j 4. Black smoke is always associated with carburelled 

hydrogen gases, composed of carbon and hydrogen ia 
various proportions, and when in a slate of combustion, 
they constitute flame. When the draught of a furnace 
is powerful, minute fragments of raw coal occasionally 
appear in the smoke. This is very frequently the case 
with anthracite coal ; when thrown upon the fire, it does 
not melt together like the bituminous, but breaks into 



T 



SHOKE. £13 

minute poriions, which are often thrown out of the chim- 
ney, especially where the fire is urged by a fan. 

5. The smoke from charcoal, coke, and anthracite is 
always invisible, if the material be dry ; nothing but car- 
bonic acid or carbonic oxide gases being formed, and 
either the one or the other of these, according to the 
supply of air. A flame may appear, however, if car- 
bonic oxide be formed, by part of the carbon as yet 
unconsumed decomposing the carbonic acid. 

The gases escaping in all these cases are mixed with 
the Ditrogen of the air, which never undergoes combus- 
tioa. 

6. Wood-smoke is rarely black, the large amount of 
gases evolved passing away before ihey can be sub- 
jected to that intensitj' of heat which alone produces 
thick black smoke. Water and carbonic acid are the 
products of the fuO combustion of the wood,^omitting 
the ashes. Pyroligneous acid is formed during the de- 
structive distillation of wood, whether made in an open 
fireplace or a covered vessel ; it is strongly acid, and 
produces the irritated and inflamed state of the eyes when 
exposed to smoke. In cold weather, especially when this 
acid is formed in air-tight stoves, at a low temperature it 
is condensed upon the bricks of the chimney, and, uniting 
with the lime, forms an acetate of lime, which is soluble 
in water, and, being gradually removed by the rain, noth- 
ing remains between the bricks but the sand. This is a 
very common result in new chimneys. Where it does 
not go to the extent of destroying the adhesion of the mor- 
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lar, it finds its way through the chimney and runs down, 
staining the walls and becoming oSensive by its odor. 

Sulphureous smokes are evolved from copper 
works and from gas works, either in a visible or invisi- 
ble state. 

8. Metallic smokes are produced in manufactories 
where ores of lead, copper, arsenic, and other metals, are 
used ; they then float in the other gases, as we have be- 
fore mentioned under the head of Mechanical Impurities 
of the Air, 

The following statement shows the general amount of 
air required for the combustion of 100 tons of coal, sup- 
posing it to conlain 94 per cent, of carbon, 6 per cent, of 
hydrogen, and 10 per cent, of nitrogen and other sub- 
stances. 

Eighty-four tons of carbon require 1,012 of air (224 
tons of oxygen -j- 788 of nitrogen) , and produce 308 
tons of carbonic acid, the nitrogen remaining unconsum- 
ed. Six tons of hydrogen require 216 of air (48 tons 
of oxygen + 168 of nitrogen), and produce 54 tons of 
watery vapor, which passes off with the 168 tons of uo- 
consumed nitrogen. This calculation is founded upon 
the supposition (bat all the oxygen is consumed, which 
19 very far from being the case ; much air passes througb 
over the fuel without coming into immediate con- 
tact with ii. 
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OF PREVENTING AND REM0V1^G IMPURITIES OF 
THE AIR. 

Chemical Agents for removing Cnuses of Dieessa. — Lime-washJog. 
— Sulphurous Acid removed by Wsler. — Seclion ofFite-plsce for 
desttoying Impuritiei from Boilera. — Diichalelet's Mode ofven- 
dlaling the Pariainn Sewers. — Mr. Jeffreja' Flan for precipitating 
Smoke. — Thomas Hedlej'a Eatimale of Water required for Pre- 
cipitalion. — Diiulion. — St Rolloi Chioinej. — Combustion of 
EmanKlions from Draina. — Combuatlon of 9mokc. — lis Princi- 
pteB. — Its Economy — Smoke maj beeatlrely conaumed, — Chan- 
ter's Smoke-cotuumingFaTnace. — Williams'! Flan, — FQtnlloD. 

The contrivances for preventing and removing im- 
ptirilies are numerous and varied, but ibey may be ar- 
ranged under four classes, — by chemical agents, com- 
bustion, precipitation, and filtration ; their evil efiects 
roay also be diminished by dilution. 

Chemical Agents. — We have said that ammonia is very 
generally produced in cases of disease, and especially 
in contagious diseases. It is stated by Liebig, thai, by 
etaporating acids in air contaminated by such causes, the 
ammonia is neutralized, decomposition is arrested, and 
the contagious power destroyed. Muriatic, acetic, and 
sometimes nitric acids, have been preferred by Liebig 
Wore all others for this purpose.* 

'lietng'i CSiemiatry of Agriculture and Physiology, p. 409. 
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Sulphuretted hydrogen (hydro-aulphuric acid) may be 
removed by burning sulphur, and thus forming sulphur- 
ous acid (which may be absorbed by water), or by 
evaporating nitric acid in the contaminated air. 

Carbonic acid may be withdrawn by the use of an 
alkali, or hy a caustic earth, for which it has a strong 
affinity ; for this last, lime, in the form of whitewash, is 
most commonly used. 

The efficacy of lime as a purifier depends upon its 
freshness and causticity ; if old, it has already absorbed 
or rather decomposed all the impurities it is capiabie of, 
and becomes inert. When fresh, it absorbs carbonic acid 
from the air of the room, forming a carbonate of liflie 
upon the walls ; it has also, in virtue of its causticity, 
the property of destroying vegetable growths of all kinds, 
and the various atiimalculfe which flourish so wonderfully 
in neglected and diriy houses. The celebrated Jolm 
Howard, when in a lazaretto near Venice, lost his ap- 
petite, and thought himself in danger of the slow hospi- 
tal fever. His room, which was dirty, had been repeat- 
edly washed with boiling water without removing the 
offensive smell. One morning he got it time-washed, 
when it immediately became sweet ; on the followiog 
day it was dry as well as sweet, and " thus," says he, 
" at a small expense, and to the admiration of the other 
inhabitants of this lazaretto, I provided for myself and 
successors an agreeable and wholesome room, instead of 
a nasty and contagious one."" 
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The cleanly appearance which it gives is not the least 
of its recommendations ; its usefulness as a means of pu- 
rification cannot be too strongly insisted upon. 

Sulphurous acid may be readily removed by the use 
of water, which absorbs thirty-three times its volume. 
Hence, passing the air through a shower of water, or 
simply sprinkling the floor of a room, will readily re- 
move it. 

During ibe cleansing of the sewers of Paris, of which 
a full and interesting account is given in the work of Pa- 
rent-Due hate let, in addition to the aid derived from 
combustion conducted in a large chimney placed over 
one of the openings of the sewers, advantage was taken 
of a mixture of one pound of black oxide of manganese 
and two pounds of hydrochloric acid in an iron kettle 
hung in the chimney. A constant disengagement of 
chlorine went on, which seized in its passage the fetid 
gases, decomposed them, together with the sulphuretted 
hydrogen so common in these places, and rendered them 
entirely harmless. 

Combustion is a powerful mode of destroying many of 
the impurities produced in the processes of ihe arts, and 
arising from sewers ; it Is one that can often be applied 
with slight expense to the proprietors, — an important 
consideration ni all cases where we wish a regular and 
constant accomplishment of the object. 

Some of the offensive vapors, like those from the man- 
ufacture of copal varnish, are inflammable, and may be 
used in supplying ihe 6re required under the boiler ; the 

--:9 



98 



IMPURITIES FROM BOILEB8. 



same is true of smoke. The saving of fuel in such cases 

may, in some measure, compensate for the expense of 

fitting up the necessary apparatus. 

The simplest mode of drawing emanations from 

boilers through fires is that of fitting a cover to the yes- 

sel from which the impurities escape, and leading a pipe 

from that to a chimney, into which it enters beneath a 

small fire kept constantly burning. In fig. 5, A rep- 

Fig. 5. 



I I 




resents the boiler with its cover ; G, the grate ; B, ibe 
smoke-flue, passing to the chimney, F ; C, a pipe con- 
necting the boiler with a small fireplace ; D, its grate, 
through the fire on which the impurities pass on their 
way to the chimney ; E is the door through which the 
fire on the grate, D, may be replenished. In this plan 
le cover may be readily raised to attend to the process, 
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iTid through an opening in ihe cover any thing that may 
>e necessary to slir the contents of the boiler may be 
introduced. 

The pipe could be carried downward, and be made 
to enter Ihe ash-pit, and pass through llie fire on its way 
to the chimney. This would obviate tlie necessity of a 
special fire. In this case, all the air for the fire could he 
drawn over the contents of a boiler through an opening 
in the cover ; if the vapor is inflammable, fine wire-gauze 
placed in the pipe would prevent the passing of the 
flame, on the same principle as in the Davy lamp. 

Parent-Duchalelet, during his labors in clearing the 
sewers of Paris,* used a chimney of sheet-iron, four feet 
in diameter, and seventeen feet and a half in height, with 
suitable handles, so arranged that it could be carried by 
four persons. On one of the sides were two openings, 
fitted with doors, A, B (fig. 0), thel ower one for feed- 
ing the fire, and Ihe upper for introducing fumigating sub- 
stances to the iron vessel, C. Between the two doors 
are two transverse iron bars, D, E, with two others cross- 
ing them at right angles. To these bars, by means of 
iron rods, F, G, H, the grate, T, is attached ; the length 
of the rods allowing it to hang as low as the upper sur- 
face of the sewer. The bags at K are filled with sand, 
and intended to cut off al! communication with other 
parts of the sewer. The air was admitted at one of the 
street openings, and passed by the workmen on its way 

* Some idea may bs farmed ul' the importance of thcBc coinmaii 
•ewpn, and Ihe labar itquired in clearing Itiem, from Uic fact, that, in 

a they were more than 233,300 feet in lenyth. 
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to thai over which the cbJnmey was placed. The cm- 
bustihle used was light wood, cut into small pieces, lai 
sometimes, when a quick fire was required, sbavinfftt 
wood were added. It was found that a blaze wu imc» 
saiy to produce a full effect in the chimuey. 
Fig. 6. 




The velocity of the air was ascertained by producing 
smoke and noting the time required to pass a certain dis- 
tance. The time usually required to traverse the sewer 
and chimney, ihe whole being 345 feet, was from Iwo 
minutes to two and a half; the area of the sewer was 
twenty-six square feet ; consequently the whole quantJt)' 
passing from the chimney In two minutes and a quarter, 
the mean of the two times just mentioned, was 8,970 
cubic feet, or sixty-stx cubic feet per second. This, 
however, is not exact, since the chimney has not the 
same area as the sewer, and the resistance offered hy the 
Walls of this last would reduce the quantity slightly. 
A fan was sometimes used, revolving in a drum as 
'al, but its action was not as equal, nor as effectual, as 
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i of tbe chimoe}' ; it required four mea for its regular 
rformaitce, each man working but ten minutes, or at 
ut twelve, at once. Tbe workmen in all cases pre- 
tred ibe chimney to the fan. 

lo 1824, Mr. Jeffi'eys, of Bristol, invented a mode 
r precipitating from smoke the lampblack, metallic va- 
>rs, and other sublimated matters, by washing them 
ilh a stream of water.* Whenever the necessary 9up- 
y of water can be procured, this plan is both eSectual 
id economical. 

Fig. 7. 



UW VOr] 



In the vertical section, Gg. 7, 6 B ts the smoke-flue, 
le smoke passing in the direction of the arrows ; at A, 
16 flue turns downward, and at the top of the vertical 
ortion is a cistern, E, the bottom of which is perforated 

* Quirterlj Jonnial of Science, Literature, anil Ihe Arti, No. 
;XXV1., p. 270. 
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with holes, varying in size according to circumstaDces, 
but which spread over the whole area of the descendii^ 
flue, D, that the shower of water constantly passing 
downward from the cistern may be equally difiiised. The 
shower, in its descent, carries down with it all the smd^e 
and all the sublimated matter which has passed from the 
fire, and runs off at the flue, F. This last flue may tun 
upwards and enter a chimney, while the liquid is allowed 
to pass ofi* by a side opening, so curved that it may al- 
ways remain filled with water, and prevent the smoke 
from passing out. These flues may be placed quite near 
each other, divided by a single wall, or at a distance, as 
may be most desirable ; they may be made of brick, 
stone, wood, or iron, and in any direction, provided that 
through which the water passes is vertical. 

Mr. Thomas Hedley, before a committee of the 
House of Commons, stated, that, by an arrangement of 
this kind, he was able to save, in the form of lampblack, 
about one twentieth part, by weight, of the coal consuno* 
ed. It appears, also, that the highest flue required 
is about thirty feet ; that the effect of a descending 
shower upon the draught is such as to enable manufac- 
turers to dispense entirely with a chimney, and furnaces 
so arranged have been found to work well, not being 
subject to downward currents, or affected in any way by 
winds. The number of gallons of water required per 
minute for a forty-horse engine is between forty and 
fifty, falling a distance of thirty feet. To raise the water 
thirty feet would require less than half a horse-poweft 
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■nd the expense of the erection has been repaid in one 
year by the lampblack and ammoniacal products, which 
are purchased by the farmers. In these cases, there are 
usually two descending flues placed side by side, half the 
water falling into each flue, but the whole of the smoke 
passing down each flue ; by this arrangement the veloci- 
ty of the smoke is much increased. The same water is 
often pumped up, many times in succession, before it 
becomes rich in the deposited matters. Lime-water, or 
other chemical agents having an affinity for the dissolved 
matters, or which would produce more valuable com- 
binations, have been suggested as a precipitant in some 
manufactories.* 

Dilution. — The dilution of impurities is usually ef- 
fected by delivering them at a great elevation, by means 
of very high chimneys. The gases and vapors which 
escape fall slovdy from the top, and soon become so far 
diflfused, according to the law of which we have so often 
spoken, that they are quite harmless. Many of these 
lofty chimneys are seen in Belgium ; but the most re- 
markable is that at St. RoUox, Glasgow. It was erect- 
ed to carry off muriatic acid and other gases escaping 

from the manufacture of barilla ; it answered the pur- 

* 

pose perfectly, but the plan of condensation we have 
just mentioned was soon adopted, and the importance of 
the chimney as a diluting agent ceased. It is now used 
to work various furnaces, in which 120 tons of coal are 

* * For farther particulars, see Report on Smoke Nuisance by Com- 
mittee of House of Commons, p. 130. 
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used daily ; and the products are drawn through flues, a 
some instances 400 yards in length, before they reach tUi 
immense shaft. The following are its dimensions : — 

ft. in. 

Height from surface . . 432 6 
Depth of foundations . .15 

Total height . . . 447 6 

Diameter at base . . .45 
'* *' surface of ground 40 

" " top . . 13 6 

1,250,000 bricks were used in the construction; thej 
weighed 121 pounds per cubic foot, resisted 63 tons 
pressure per superficial foot before cracking, and le* 
quired 110 tons to crush them. The brick work is ^ 
bricks at bottom, and 1| at top. The internal flue is 
260 feet high, and its sides perfectly vertical ; conse- 
quently, the chimney is a double cone, and the heat of 
the gases is retained as long as possible, giving an equal 
temperature and a maximum velocity. Red-hot matter, 
probably carbonic oxide, has been seen projected in a 
column from its top, and its temperature near the top is 
supposed to be seldom under 600® F.* 

It has been proposed that a chimney of this kind be 
erected in the public squares of a large city, to which 
flues may be conducted from all the main drains and 
common sewers, and a downward draught be established 
at all their openings in the streets and houses. It is well 

* Jameson's Philosophical Journal, April, 1845, p. 316. 



lown tfaaU ia aH odes maie or ks o fanii c cAmi 
cape firom diaios, which atman but be injvioas lo the 
nkh ; bat eren if these CBBUtioiB were not iBJorioos 
» tbe heahh of the inhabianls, the prercfitiao of then 
rould be a great gain to the comfort and the af^Marance 
C their babitatioDs.* The shaft could be mide omt- 
nental, of sufficient height to command a strong draught, 
t yeiy little expense of fod. In prirate booses it is of 
^reat advantage to connect a diain from which offensire 
ir escapes, by means of a tube, with the kitchen-flue, or 
my other in which a coisuuit beat is maintained. In 
he buQdiog of a house, a flue could be made in contact 
^ith the kitchen-flue, that could be rendered arailable for 
his aud other purposes without diminishiDg the draught. 
Combiuiion of Smoke. — We have already spoken 
^f the great nuisance of the smoke of bituminous coal, 
ts usuaUy burnt in large cities. A great variety of 
Dodes have been invented and patents taken out for the 
consumption of smoke, but, until a short time, they 
lave all been contrived upon a wrong principle. It has 
)een supposed that it is only necessary to heat the 
smoke to a certain temperature to consume it, and if it 
is not consumed, it is because the requisite heat had not 
been attained. For this reason it was proposed, and 
the proposition was for a long time practised upon, to 
place the new coal in front, near the door, and allow 
the gases to be driven off over the hot coals and 

* These emanations destroy the beauty of all paints composed of 
the oxides of lead, by reducing them to the state of salphurt ts. 
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burn. This was Mr. Watt's plan ; he admitted a quta- 
tity of atmospheric air where the coal was undergoflf 
the process of coaking, but never sufficiently diffused to 
mingle with the gases and accomplish their compktfttn 
combustion ; even if they were transformed into cir- 
bonic acid, still, in passing over the incandescent bA 
beyond, that carbonic acid would dissolve a portion of 
carbon and again become carbonic oxide. This plan 
was not successful, nor were any others which were 
formed upon the same principle. 

An Argand lamp without a chimney will burn without 
smoke, if the wick be kept low ; but on raising it to a 
certain point, it smokes ; if now the chimney be pot 
on, the smoke no longer appears ; it is not produced. 
In the first case, the volatilized carbon and disengaged 
hydrogen, into which the oil is converted, do not meet 
with sufTicient air at a proper temperature until thej 
have risen so high that they have become too cold to 
burn ; in the second case, this amount of air is supplied 
at the right place, and the red-hot vapor of carbon unites 
with it and becomes invisible carbonic acid. This is 
precisely the principle upon which smoke is to be pre- 
vented in furnaces. Soft or bituminous coal is com- 
posed essentially of carbon and hydrogen, which, with a 
certain amount of heat, are disengaged as gases, and, if 
a proper amount of oxygen is supplied, and of a proper 
temperature, they unite with it and are consumed. K 
these facts are kept in view, it will be seen that smoke 
can be prevented as readily in the furnace as in the Ar- 
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Mnd lamp. If the air is introduced in too large quan- 
Mfy, or at too low a temperature, the gases are cooled, 
knd smoke appears. In these cases, it is found neces- 
^ry to admit the air heated to a proper temperature, 
Iritbout allowing it to come in contact with the fuel, and 
ndrely separated from that which passes through the 
grate, that it may retain its full amount of oxygen up to 
ihe moment it mingles with the gases. 

It has heen supposed that the admission of air would 
cool the furnace and diminish the amount of steam ; but 
this is found not to be the case when so regulated as just 
to consume the smoke, as will he seen in the following 
results of experiments by Mr. H. Houldswortb. The 
kinds of coal used were Knowles's Clifton coal, a free- 
burning kind, which does not cake, and produces a con- 
siderable quantity of ashes ; and Barker and Evans's 
Oldham coal, a slow-burning, rich, caking coal, coniain- 
ing little ashes.* 

SUam produced in a given Time. 
No tir admitled, CokI thrown apon fiie, 230 lbs. 100 

63 aqnare inchei of air, " 

Air regulated to conauine all unake," 
S3 square inoheB of air, " 



increases the amount 



Showing that the admission of air 

of steam produced in a given time from 30 to 40 per 

cent.f 

■ Minatea of Evidence of Committee on the Smoke Naiaance, 
p. 123. 

t Mr. Johnson, in his Report to the Nit; Department, on Coals, 
{ires the following as his leialts of the inflnence of the admisiioD at 
■ir through a perforated plate just bejond the grate. 
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In the use of anthracite coal, a certain amouut o! air 
admitted independently of that which passes through the 
grate also increases the amount of h(?at, and so far Is 
advisable ; but with tbe use of this fuel there is but iilile 
visible smoke, therefore the same reasons cannot be 
urged for its admission as in the bituminous coal. Ad 
inconvenience attends the combustion of anthracite 
which does not extend to so great a distance as ibe 
smoke of soft coal, but so far as it does extend is qnile 

The advantage of open air-platea, Bhown bj tlie number of poundj 
of water evaporated by one pound of fuel, is bs follows : — 

7 anlhrieile, 0A3 per cent. 

10 free-burning coals, . . 2.13 " " 

10 Virginia coaU, . , . . 1.96 " " 

6 foreign, I Weetern, 3^ " *' 

The disadvantage of open air-platea, aa shown In the Dumhei of cu- 
bic feet of water evaporaled per hour ; — 

Anthracite coals, .... 14.9 percent 

9 &ee-bi]rning coals, . , ; . 3.(18 " '< 

9 Virginia coals, . . US " " 

e foreign, 1 Western, . . . . 5.37 " " 

Theie results differ widely from those of Mr. Houldjworth, as »el[ 

u those of Josiah Parkes. 

We question whellier this statement can be of value in eatimaUng 
the effect of Uie admission of air ; no mention is made of tlie sUle o! 
tbe flues, whether they were filled with smoke, nr whether Ihey were 
filled with inflamed gases-, there is notliing said of a spy-hole, ^J 
which the inside of the flue can be eiamined, or that any such wu 
naed if it existed. As far na we are able to ascertain, the air-plale 
vras moved without any regard to the effect that the adtnissioD of ail 
is intended to produce, — the combustion of the gnaea and the con*- 
qoent prevention of smoke. If loo much air [a admitted, the fu^ 
Dace is cooled and^smoke is produced, and the evapnmtive power dl- 
miniabed; if too little, smoke is again produced, and the same reinll 
follows ; the amount must depend upon the kind and qutmlity of cotli 
lad this can be determined only by experiment. 
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troublesome. When an anthracite fire is urged by a 
iry strong draught, or by a fan forcing air through the 
ate-bars, smaJl portioos of the coal are driven out of 
^hhnney and carried by the wind into the neighbour- 
ig houses. This has in some instances been found to 
e a very serious inconvenience, and as such, in Boston, 
las been made the subject of investigation. We see 
lo reason why these particles may not be precipitated 
[fter they have passed from the boiler, by the precipilat- 
PS process above mentioned, or the furnace be so ar- 
^ged that they may be burned before they reach the 



thimney. 
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Fig> S is a section of Mr. J. Chanter's smoke-burner ; 
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a is the iron dead-plaie upon which die coal is depoaiied 
and undergoes the process of coking ; when a ne* 
chaise of coal is thrown in, this coke is pushed forward 
upon the bars, b, which may be made movable or sta- 
tionary, as shown ; to this the air is admitted from the 
ash-pit, through the grate-bars. From the grate the 
gases pass on between the bridge, c, and the deflectire 
brick arch, (i, by which they are thrown down and come 
in contact with the air from the air-distributors, g-^f, 
after it has been healed in hs passage through the air- 
pipe, e, and the hot-air chamber,/; A is a sight-hole lo 
ascertain the consumption of smoke and regulate ibe 
quantity of air admitted ; i is the flue through the boiler. 

rig. 9. 




Fig. 9. Section of Mr. Charles Wye WiUiams'* 
marine boiler, with its diSiision-plates. In this furnace 
the fuel is thrown immediately upon the grate-bars, and 
through them the air finds admission to it. The gases 
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has been applied to the purification of air for the pur- 
poses of ventilation. In the Houses of Parliament, the 
blacks from coal-smoke were so annoying, that it was 
found necessary to put up a veil forty feet long by twehre 
feet deep ; on this, in a single evening, in the worst 
states of the weather, by counting the number of bhcks 
upon a square inch of surface, it was ascertained tht 
200,000 visible portions of soot had been excluded in i 
single sitting. 
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J^^ CHAPTER VIII. 

MOVEMENTS INDUCED IN ATMOSPHERIC AIR BY HEAT. 

J>r. Franklin's CoDtriTance for studying Ihem. — Flame of Candle, 
its verlical Direclion. — Movement of healed Air in it Tube. — In 
Tabes of unequal Lengths. — In two Tubes of eijual Length. — 
Olnuted Stove. ~ Of Smoky Chimneys. — Room too tight.— 
Cure bj admitting warmed Air. — Mantel of Chimney too high. — 
Wind Furnace. - Two Chimneys in same Room. — Of narrowing 
Chimneya nl Top. — At Bottom. — Opposing CottentB. — Cure. 

The motions induced Id tlie air by heal should be 
considered witli care ; an ignorance of them has pro- 
duced some of the most absurd plans of ventilation, and 
Occasioned a useless expenditure of money in the con- 
stnietion of chimneys, and slill more in futile attempts 
to remedy their defects. 

For studying this subject, Dr. Franklin suggested 
Small glass models of rooms made of live squares of 
glass framed in wood at the corners, with doors, and 
'tiovable glass chimneys, with openings of different sizes, 
and different lengths of funnel ; some of the rooms so 
Contrived, thai they couSd be made to communicate with 
each other and form combinations ; the chimneys to be 
heated by burning bits of wax taper ; these would be 
extinguished, when the flues were heated, and the course 
I of their smoke observed. With these, all the effects of 
idUUt . - f ■ -- ' — ad 
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chimneys, of draughts of air and winds, could be seen 
through the transparent sides. Many of the movements 
of heated air may be observed with a candle and a ^ass 
tube a foot long. 

The force with which heated air rises is well shown 
by the flame of a common candle ; all the air in imme- 
diate contact with the burning gases, as well as the 
gases themselves, become intensely heated, are imme- 
diately pressed upward by that which surrounds it, and 
the flame assumes a vertical direction. 

This same tendency upwards from a heated body ex- 
ists in all cases, increasing with the increase of tempe^ 
ature. The air in contact with the human body is 
warmed a greater or less number of degrees, according 
to the dilSerence of temperature between it and the at- 
mosphere, — in a still air and at a mean temperature, 
about five degrees, it is said ; by this a constant and 
important circulation is maintained. 

Fig.n. 




If we hold a heated tube, an Argand chimney i 

foot long, for instance, perpendicularly over the candle) 

we observe that a strong current of air rises through tbe 

tube, which may be felt above it, and that the flame is 

ilulor and the light more intense, showing that it is sup- 
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plied w!lh a larger quanlity of air. On inclining the 
tube, as in Gg. 11, the flame is inclined also, and will 
continue to incline until it has deviated from the perpen- 
dicular many degrees. 

Ji jji'ece 0/ ict sxispended in a glass tube, or a cold 
glass tube, will have an effect directly opposite to that 
of the candle ; the air will begin to descend through the 
tube with a velocity proportionate to the differeuce of 
temperature between it and that which surrounds it. 
Hence we see that it is only when the heat of the air 
within and without the tube is the same that no motion 
exists. It is surprising how slight a difference is re- 
quired to determine a current in one direction or the 
Other. 



1 
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The force of the current will be in proportion to the 
temperature and height of the heated tube. If two tubes 
of unequal heights be united by a third, as in 6g. 12, 
the candle in the longer tube will overcome that in the 
shorter, and establish a downward current in the latter. 

With two tubes of equal lengih united by a third, as 
'(tt'fef i-% baTing ^ candle in each, one is soon over- 
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powered by the other ; and this may happen even when 
an opening is made in the third tube, admitting a limited 
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supply of air. The reason of this is, that the balancing 
of one portion of air against another is exceedingly del- 
icate, and the least increase of heat in one tube above 
that in the other destroys the equilibrium. An illns 
tion of this occurred in a church heated by a hoI-air.| 
stove. It was proposed to obtain more radiating s 
faces by carrying two smoke-pipes from the Gre-plafi| 
up through the church and uniting them at the top in o 
chimney. It was soon found that one pipe was aiwi 
cold, the smoke escaping through the other ; a valve n 
then placed in each pipe ; but, even with the nicest a(N* 
justmeot of these, smoke could be made to pass ihrouj 
both only a few minutes at a time ; one constant 
overpowered the other. The "Olmsted stove" 
frequently arranged with a radiator on each side, jhrougf 
both of which it was intended the smoke should pass ; 
this it would rarely do, unless the draught of the cbim- 
:iiey was very strong. Two drums are sometimes af- 
:ed to a smoke-pipe by branch pipes ; hut it is seldom 
'that the smoke can be made to nass through both. J 



;himney to which less air is supplied than the fire 
eS) as happens in a new, tight room, often has two 



Its, as in fig. 14, one upwards from the fire, and 
sr from the top downwards ; these two currents 
Qg just above the fire, part of the smoke is driven 
he room. If the chimney be divided by a parti- 
ito two flues, one of which opens into the room at 
de of the chimney, and the other directly over the 
1 descending current will be established in one, and 
cending current in ihe other, which cannot inter- 
and the smoking will cease, 
the Sue for introduciDg air be contained within the 

and made of some thin material, the lower ex- 
y communicating with the external air, and the 

with the room, as in fig. 15, the air will be 
sd by the transmitted heat, ascend through the 
is it enters the room, and not expose those in it to 
isaat draughts. Warmed air is very frequently in- 
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troduced into a room through a fireplace with a double 
back, between the walls of which the external air, in 

Fig. 15. 




passing, is warmed, and enters beside the fireplace. 

This is an excellent contrivance, and if well made will 

be found to answer perfectly. 

Fig. 16. 




When the fireplace is too high, the portion of air 
passing up the chimney is drawn from a large space, and 
the current being proportionally feeble, the flame which 
is usually drawn backward is left to rise vertically, and 
escapes into the room. The air which enters the chim- 
ney does not approach the fuel, and is consequently less 
heated, and the current is diminished. 
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If the chimney is brought down low, aO the air passes 
near the fire, and the velocity of the smoke is increased. 
If the fire be laid upon a grate within the chimney, aO the 
air passes through the fire, and we have a mnd furnace. 

When two chimneys are in the same room, or com- 
municate with each other through an open door, one 
will often overpower the other, as was represented by 
the candles, in fig. 13. To prevent this, we must pro- 
vide a sufficient supply of air for each, without drawing 
upon the other. 

If a chimney be colder than the air of the room with 
^hich it communicates, a current may be established 
downwards, and we may have not only the smell of 
soot, but the smoke of a neighbouring flue, in the room. 
In the Annales d'Hygi^ne, it is recorded that two indi- 
>riduals were found dead in their beds, in a room in 
^hich no charcoal had been burnt, and which had an 
open chimney. After careful investigation, it was ascer- 
tained that a slow charcoal or coke fire had been kept in 
ihe next room, and, partly by its overpowering influ- 
ence,' and partly by the coldness of the flue, the car- 
bonic acid and carbonic oxide had descended into the 
room in sufficient quantity to destroy life. 

If the glass tube over the candle be narrowed at its 
lower extremity, the velocity of smoke through the open- 
ing will be greatly increased, but the total amount of air 
escaping will be diminished. If the tube be inverted, 
that the narrow part may be at the top, the heated air 
will move more rapidly as it escapes into the atmos- 



r 



130 OPFOSINO CUftRENTB. 

phere, bui ihe total quaniity will be diminished. Hence 
we see the advantage of contracting, to a certain extent, 
the ihrnat and top of a chimney, that tlie draught in the 
fireplace may be increased, and ibat the smoke may be 
discharged into the air with more force, and be less 
likely to he driven down by slight changes in the direc- 
tion of the wind ; but, as every alteration in diameter 
diminishes the total amount escaping, these alterations 
should be avoided as much as possible. 
Fig. 17. 
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currents of air, in the two tubes, a and b. Eg- 
17, having different velocities, enter anotlier tube, c, al 
right angles, the one having the greater velocity will di- 
minish that of the less, according to its excess. If tl* 
yelocities be precisely similar, no change of velocity ffi" 
take place in either ; they will both be directed upward- 
The best mode of obviating ihe ill effects of such coiiO' 

s is represented in fig. 1 7, in which the dot- 
ted line, d, represents a division placed perpendicularlf 
between the two currents, giving them both the same di- 
'rection. I 
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It has been obgerred that when a current of heated 

r enters a rerticsl chimney horizootally, as in Gg. 18, 

Fig. 18. 



L not only materially checks the current in the latter, 
lut, if the former is very rapid, it may even destroy that 
iQ the vertical chimney as effectually as a valve. 

The Sue from a soda furnace entered horizontally a 
large chimney, fifty feet in height, having a transverse 
lection of about six square feet ; it was observed that 
vheD the fire was first lighted the draught was sufficient, 
and increased as the flue became hotter, but ceased 
"beo another furnace was put in operation, the current 
ftoni which was very rapid, and entered opposite to it. 
The difficulty was obviated by giving the rapid current 
' Vertical direction as it entered the chimney. 

In such cases, the inconvenience of these opposing 
cunenta may be obviated by placing a plate of iron in the 
11 
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upright flue, as at c, fig. 18, which shaQ give the smob 
in a a movemeDt in the same direction as that in b. 

In all cases of flues entering a chimney, they sboidi 
be so arranged that the smoke shall assume a directioQ 
approaching that of the axb of the chimney into whi< 
they enter. 
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^ CHAPTER IX. 

THE CURRENTS PRODUCED IN ROOMS BY HEAT, 
AND OF THE PRINCIPLES OF VENTILATION. 



Influence of cold Walls and cold Windows. — Doable Win- 
»W8. — Materials for double Windows. — Great Saving of Heat 
id Increase of Comfort by them. — Count Rumford*s Remarks on 

ible Windows. — Movements of Air in Apartments communi- 
iting by one or more Openings with the external Air. — Air-tight 

»yes. — Spontaneous Ventilation. — Plenum Ventilation. — Vac- 
Ventilation. — Mixed Ventilation. — Illustrations of Ventila- 
m. — Dt, Reid's System of ventilating the British House of Com- 

»n8. 

In the precediDg chapter we have endeavoured to 
point out the movements of heated air in tubes of a lim- 
ited diameter, with a view to explaining the action of 
chinmeys. When the heated body is inclosed in a 
room, certain movements are induced in the air, differ- 
ing from these, which require attention. Other cur- 
rents, also, intimately connected with the practice of 
ventilation, are induced by cold bodies, such as win- 
dows and cold walls. A third and still different class 
of motions arises when heated air is introduced into 
apartments having one or more openings for its admis- 
sion and escape. 

A heated cannon-ball suspended in a room, as at a, 
fig. 19, heats the air in contact with it, and currents are 
produced upward and outward, in the direction of the 
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arrows 9 b and c ; and a corresponding inverse movemeni 
is established from all sides of the Toom, near the floofi 
inward and upward towards the ball, as represented bj 
the lower arrows. 

Tig. 19. 
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If the cannon-ball be colder than the surrounding air, 
the currents are in every respect the reverse, being di- 
rected inward and downward near the ceiling, and 
downward and outward near the floor. 

These currents invariably take place in a still air, 

whatever be the heating and cooling bodies, whether a 

number of persons, stoves, or windows, or the cold walls 

of the room. 

Fig. 20. 
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If the hot ball be removed to one side of the room, 
in fig. 20, an upward current will be produced along 
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I jhat side of the room near which it is placed, and down- 
irard and toward the ball along the opposite wall and 
loor. 

When a cold window makes a part of one of the 
walls, a constant current of cold air descends along it, 
which is often mistaken for that which enters the win- 
dow from without ; but it will exist without that, and 

Fig. 21. 
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cannot be prevented by closely fitted sashes, or any 
care m calking their crevices. The unpleasant effect 
of this fall of air from a number of large windows, as in 
churches, and their great influence in lowering the tem- 
perature of the room, are much greater than is usually 
supposed, especially in buildings heated by warmed air, 
where the walls do not feel the influence of radiated 
heat. In our New England climate, where the temper- 
ature not unfrequently approaches zero, and is often be- 
low the freezing point, there would be a vast saving of 
heat, if our churches, court-rooms, and other public build- 
ings, could be preserved from this cooling process. This 
can be done by means of double windows, fitting close- 
ly, and inclosing between them a quantity oC a\x. KVt^ 

11* 
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as is well known, transmits beat only by a cbaoge of 
position among its particles ; each particle may receife 
a portion of heat from a heated body, and, by coming ii 
contact with another less heated body, communicate ill 
beat to it, but not otherwise. One particle never com* 
municates its heat to another particle. Hence, if glasSf 
or any other material which transmits light, be placed 
at two or three inches distance from the glass, the in- 
ner sash will be kept warm, the circulation of the air 
between the sashes going on slowly ; consequently, less 
heat will escape from the room. If this same arrange- 
ment were introduced into the walls of the room, and the 
transmission of air between them cut off at two or three 
levels in each room, or even if the communication be- 
tween the different stories were completely cut off at 
the floor and ceiling, great good would result.* In 
buildings in which a complete system of ventilation is 
established, these windows should, as suggested by 
Count Rumford, be kept up both summer and winter. 

" Mr. Nathaniel J. Wyeth, of Cambridge, Mass., has adopted thii 
principle in a brick ice-house which he has lately erected. The 
building is 198 feet long by 177 wide, and 40 feet high ; the walls aie 
4 feet in thickness at the bottom, and 3 feet 6 inches at the top, in- 
cluding within their thickness two air-spaces. A triple wall is thai 
formed, the inner and outer being 8 inches in thickness, and thtt 
making the division between the two air-spaces 4 inches. The ai^ 
•paces are subdivided in portions of 6 feet in length and 5 in height; 
the first division being formed by bricks, and the second by planks 
resting on bricks projecting from the sides, and covered with dry tan. 
At the top and bottom of the building the air-spaces are made perfret- 
Ij tight by masonry. The transmission of heat by the movement of 
tlie air is thus prevented, and the greater part of that which finds iU 
^*7 to the ice is by the radiation of the walls. 
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J^e say a complete system of venlilaiion, for, uoder 
luch Q system, windows would be required for the ad- 
paission of light only, never for the admissIoD of air. 
pouble windows would, under such circumstances, in 
summer prevent the transmission of heat inwards, as in 
winter [hey prevent its transmission in the opposite di- 
rection. Glass is not necessary in the construction of 
douhle windows, where v/e require only a diffused 
light ; white cottou, stretched upon a suitable frame, 
and rendered impervious to air by linseed oil or other 
preparations, will answer equally well for preserving 
heat, and be much less expensive.* 

I Where the room receives light from a lantern or sky- 
light in the ceiling, a current of cold air may be per- 
ceived descending from it towards the floor, producing 
■' the iame sensations in those beneath as similar currents 




in the side walls. The moisture of the air often con- 
(^enaes upon the glass and fails upon those below. Both 
lliese inconveniences can be effectually prevented by a 



ing tlie cooling effect of glaaa, auA ti» 
B, see Appendix, No. XIll. 
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horizontal window at the base of ihe lantern, as at a, ia 
fig. 22. 

The movements induced in ihe air of a room in wbicb 
a difTerence of temperature exists between the internal 
and the external air, and where there is a communica- 
tion between them, differ from those just considered. 

When the air of an apartment having an opening in the 
ceiling only is colder than the external atr, no motion 
will take place ; its greater specific gravity prevents nw 
tion as completely as the specific gravity of water pre- 
vents Lis escape from a vessel having an opening only at 
its upper surface. Neither will any motion take place in 
sn apartment having an opening in the floor, if the con- 
tained air is warmer than the external air ; the greater 
specific gravity of the latter as effectually preventing il 
as water prevents the escape of air from a tumbler when 
inverted in it. 

If the internal air of the apartment having the open- 
ing in the ceiling be warmer than the external, then the 
latter presses in and gradually lifts out the warmer ; if 
the internal air be colder, and the outlet be in the floor, 
it also gradually escapes, and the warm air as gradually 
enters. The movements in these cases are very grad- 
ual unless the openings be Very large, and in all cases the 
movements are in opposite directions on opposite sides 
of the opening, and there is a portion in the centre 
where the air is nearly stationary. 

At doors and windows air enters by alt the crevices 
the bottom, and escapes by those near the top) H 
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be air of the room be warmer than the external ; and 
he reverse if it be colder. Windows having boih sash- 
ble are, for this reason, very valuable for ihe 
rentilation of private rooms. 

In the winter, or whenever the air is warmer iu a cel- 
lar, the colder air from without will roll down through 
sn open door, and, after removing all ihal already con- 
tained in the cellar, will itself become warmed and fol- 
low the same course. As tlie entering air in these cases 
comes from the surface of the ground, it may be contam- 
ioEited with that escaping from a sewer, and the cellar or 
llie whole house be filled with its odor. The effluvia 
bom kitchens heated by the fire and steam of the ordi- 
oaiy operations, and aided by the entrance of air at an 
OjKn door, may escape into the rooms above. 
In a room having a fire, the cold air may enter at the 
, top and bottom of a window, fall towards the floor, and 
move along near it to the flue, where it is discharged. 
hi its progress it may even blow strongly upon a bed 
upon ihe floor, while all the air above, enveloping a bed- 
siead of ordinary height, remains loaded with carbonic 
add and aqueous vapour. In all ordinary rooms, ihe 
Boor is swept by draughts of cold air, and is unfit for a 
sleeping-place, especially if they have open fireplaces. 

If the fireplace be supplied with air from a flue 
opening under or near it, no air need be drawn from the 
room, and it is thus freed from all offensive currents 
from this cause. To effect this purpose perfectly, the 
ail jBusi enter in front of the fire, and in sufficient quan- 
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^^1 tity to supply all that escapes into the chiniDey, and u 
^^M ventilation must be provided for Id other ways. 
^^1 In a room which has ho fireplace or other sufficient 
^^B'Outlet, and is warmed by an air-tight stove, as il is 
^^ called, all ventilation goes on by the crevices of the 
doors and window Air en e s benea h the door and 
at tbe lower crev ces of he v ndo s flows along the 

I floor to the stove vhere becom ng beated t rises lo 
(he ceiling, and finds s ay ou by the crev ces a ibe 
tops of the windo vs hence t s 1 e f esl es a r which 
escapes, while tbe res reti a ns co nparal vel} s a^nan 
Fig. 23 represents the progress of air through mi 
apartment by the process of spontaneous ventilation. 
The warm air receives the pressure of the colder exter- 
nal air through the perforated floor, by which it is dif- 
fused throughout the wjiole apartment, rises gradually to 
the opening in the ceiling, through which it escapes. If 
a sufficient difierence of temperature existed, and ihe 
BDteriag air were not so cold as to be uDcomfortable lo 
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wose upon the floor, this would be a good arrangement ; 
iat these two requisites are bardly compatible, and an- 

. other arrangeiueDt becomes necessary, — in cold weath- 
er the air must be warmed, or in warm weather the mov- 
ing power must be increased, 

The movement of the air has been called by Dr. 
Reid, according to the means by which it is brought 
about, the plenum, the vacuum, and the mixed move- 
ment. Giving here merely the general principles upon 
which they act, a description of the means by which 
these movements are kept up will be deferred to a sub- 
sequent chapter. 

By plenum movement is meant the circulatioa pro- 
duced by air forced in from without by the wind, or any 
mechanical power. Every part of the room so ven- 
tilaied is subjected to a slight pressure, and air escapes 
through all doors, flues, and crevices; it is one of the 
advantages which attends this mode of ventilation, that 
there are no indraughts whatever, except through the 
proper channels. The wind-sails used for the ventilation 
of ships, act upon the principle of the plenum move- 
ment, the moving power being derived from the wind 
blowing upon the large open mouth of the air-channel. 
The force of the wind, acting upon a cowl turned to- 
wards it, is frequently made use of in the ventilation of 
buildings ; and where it is combined with another in the 
opposite direction, with a good wind, is quite eIRcient. 
But as we cannot depend upon the constant and suffi- 

I oieflt action of the wind, and as it has no effect in calm 
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weather, whea we require it most, other and mechan- 
ical meaus must be provided. In almost all cases, air 
vitiated by living beiogs, except in the very botteit 
weather, is warmer than that into which it is poured, 
In winter it is very much warmer ; and hence, when I 
sufficient outlet Is afforded in the ceiling, an importanl 
moving power is obtained, aiding the plenum movement; 
we seldom make use of a plenum movement solely. 

The vacuum movement takes place where we pro* 
duce a difference of pressure, whether by heat applied 
at the bottom of a chimney, or by mechanically pump" 
ing out the air, the external atmosphere rushing in to 
supply its place. The reverse of the plenum raore* 
ment, there is in this a pressure of air in at all windows* 
open doors, and flues not connected with the moving 
power. It is therefore a matter of great importance lO 
the successful operation of this plan, that the window^ 
should never be opened, and the doors as little as possi- 
ble. This movement, produced by heat, is the nios"* 
natural and simple, and is observed as well in the gresK 
movements on the surface of the globe as in the opera — 
tions of the arts. It is the only means ordinarily em- 
ployed in private houses, and by far the most comnioB 
El public buildings. 

The mixed movement is produced by a combination 
of the means just mentioned ; the vacuum nioveraent 
being induced by a chimney, and the inward pressurei 
with its inconveniences, obviated by the propulsion of 
the requisite quantity of air. It is undoubtedly bf * 
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nice adjustment of this mode of ventilation, that the 
most perfect system may be produced. When a large 
number of persons are crowded together in a small 
space, the quantity of air required for their comfort is 
greatly increased ; and unless a corresponding increase in 
lbs exhausting power is provided, — and (his is accom- 
panied with an increased inconvenience from the pres- 
sure inwards at the doors, — mechanical means must be 
resorted to to make up the de6ciency. 

The following illustrations of the practice of ventila- 
tion are selected with a view to familiarizing the reader 
wiih the movements of air through apartments, and to 
giva some idea of the great variety in the arrangement 
ot the channels. 

Fig. 24. 




Fig. 24 represents a building furnished with cowls, < 
luracaps, with their vanes so arranged, that, while one 
siiaJl receive the full force of tlie wind, the other may 
aUow it to escape freely, and be perhaps somewhat as- 
■istad hy the passage of a brisk wind over it. This ia 
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one of the simplest modes, and, if we were always son I" 
of sufficient velocity in the wind, would do well. Il |ii^ 
should never be depended upon alone. 

Fig. 25. 
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The air may enter under the coving, as in fig. 25, or 
beneath the windows, on either side, accordmg to the di- 
rection of the wind, and, finding its way beneath and 
through the perforated floor, escape through the venti- 
lator in the centre of the room. When it may be in- 
convenient to perforate the floor, it may be conducted to 
the base, or mop-board, by suitable channels, and ad- 
mitted by a sufficient number of perforations. In large 
rooms, as in the wards of a hospital, additional surface 
might be obtained by the perforated sides of a low plat- 
form, covered by a large table, as represented in the 
figure. 

Fig. 26 illustrates a double current, the one asceod- 

from a certain point, and the other descending. 

5 supply of air by this arrangement must be ?eiy 
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free, otherwise one moving power or the other will be 
cbecked. It must be rare thai such an arrangement is 
required. Dr. Reid has suggested that il may be useful 
Fig, 26. 
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n museums and galleries of art, where the articles are 
:l 10 injury from the moisture of the breath j 
and from the dust which may be raised by a 
'd of visiters. The figure shows iliat the first men- 
boiied exhalatioEs may be conducted directly upward, 
*hi]e the dust descends through the floor. The differ- 
®1t fresh-air chambers, b, 6, communicate with each 
other. 

In fig. 27, the moving power is a chandelier beneath 
* ventilator in the ceiling ; the higher this can be car- 
ried, and the less heat lost through the sides, the greater 
will be its effect. If the entrimce of the air be sufii- 
ciently free, — and this is the point in which we most 
frequently fail, — this plan will be found quite efficient. 
In a chapel, if the air be admitted along alt the aisles, 
and, if circumstances permit, in the tase also, the cur- 
rent can be so managed as to give sufficient diffusion, 
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without incommoding any one. When greats powei 
wanted, it may be aiddd by a fire, in a fire-proof port 
of the ventilator, as at a. 

Fig 27. 




Fig. 28 shows the arrangement of flues necessar 
conduct the vitiated air to the ventilating shaft on 
ground, having a moving power at a. A larger 

Fig. 28. 




much more convenient chimney may thus be obta 
free from all danger from fire, and of easy attend 
I^ is true that some loss of power is experienci 
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iwiDg down the hesled air, but a slighily increased 
lount of fuel will replace this, and this additional ex- 
ase will be counterbalanced by the facilities and secu- 



lo all these cases, mechanical power may be subsli- 
ted for the heat, being placed either at the surface of 
e ground, or in the ventilator above the apartment, 
iting either by the vacuum or plenum impulse. 

The following diagram illustrates Dr. Reid's system 

r ventilation, recommended for the temporary House 

r Commons, in 1835.* " The air enters at the turret 

Tig. 29. 
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1 the left, and is heated or cooled to the required tera- 
erature by hot or cold-water pipes, or otherwise, be- 
)w the floor of the house, or in any adjoining apartment, 
'rora the main trunk below, the air is either allowed to 
scape, diffusing itself equally below the whole of the 



• SeeReportof Commi 
oaimA Sept. 2, 1635. 



■ on Ventilation of Houses of Parliament, 
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floor, or led away by separate tubes, so as to ascend 
with the same equal flow, whether entering by numeroui 
small apertures in the grating aloug the floor, or beloir 
each individual scat along its whole extent. The row 
of arrows repiescnts the apertures by which the pre- 
pared air enters the body of the house, whether along 
the floor, or below any single bench. Ventilating aper- 
tures placed between each pendant in the roof remors 
the air as it rises, which now descends, as b represent- 
ed, tilt led luio the chimney ; the furnace at the bottom) 
though small, being capable of working the whole of the 
ventilating apparatus. At D D, two doors are placed, 
by opening or shutting which, according to the state of 
ibe furnace, the velocity of the current from and mlo 
the house may be increased or diminished, almost to 
any extent, in an instant. The furnace is worked by 
coke alone, the doors, D, D, being shut ou kindling i(, 
and air admitted for a short time by the ash-pit doors. 

"Delicate, but large thermometers, placed within the 
house, and also in the main ventilating pipes, as the^ 
enter and leave It, guide the attendants, and are, at the 
same time, a complete check upon the regularity with 
which every part of the operation is carried on. 

" The ventilating apparatus is not used while the 
house is merely warming, or before it is opened for the 
admission of members in the morning. 

"If the air be already pure wiihiji, instead of draw- 
ing in fresh air by the turret especially erected for this 
purpose, arrangements ought to he made for leading tb^ 
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air from the descending flue to the beating chamber, 
doors being provided to cut oif all communication with 
the turrets, while the circulation is maintained between 
the air of the house and the heating apparatus alone ; it 
will then be healed speedily, and the ventilating appara- 
tus brought into play whenever (he air begins lo he vi- 
tiated." 

When a ventilator exists in a room with a fireplace, 
and there is not sufficient air introduced for both, the 
fireplace may overcome the ventilator, and draw down 
vitiated air ; or the veotiJaior, acting with greater force, 
may cause the apartment to be filled with smoke from 
the flue. The only way of preventing such incon- 
veniences is to furnish a sufficient supply of air for hoth. 
Fig. 30. 




' Tig. 30 represents an arrangement we observed m a 
public building. The heated air from a furnace, enter- 
ed at the floor, and ascended in an uninterrupted col- 
umn to the ceiling, which was furnished with a ventilator 
^t over tlte aperture for the ingress. The apartment 
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could never be warmed while the ventilator was c 
nor ventilated while the ingress was open ; the latt 
furnishing all the air required by the ventilator, none m 
drawn from other parts of the room. 

In examining the ventilating arrangements of a roon,^ 
the smoke from gunpowder burnt in a spoon will 1» 
found very convenient ; it need not be in sufficient quan- 
tity to heal the air materially, and yet will show ibeta- 
rious currents in different parts of the room at the same 
instant. If exploded over the register in the floor for 
admitting air from the hot-air furnace in common use, 
the cnrrenl will be found to rise rapidly to the ceilin^i 
along which it will flow towards the walls, descendin? 
by these slowly, by the cold windows more rapidly, ap* 
proach the register, and a part be again drawn into d^^ 
ascending current. The various currents from vvindoW- 
and doors, if examined by this process, will be found t< 
follow the course we have pointed out in the precedin] 
illustrations. A fine thread of silk has been frequently 
used for the same purpose, but it will be found betle: 
adapted to tbe examination of single currents than (host 
complications which are usually found in a room. 

From a consideration of the ventilating arrangements 
above described, it will be seen, that, when properly con- 
structed, the apartment resembles a piece of apparatus 
into which air finds its way slowly, equally, and impef 
ceiitibly, through extensively diffused orifices, and rising 
gradually, and fiUing every part, gathers itself together, in- 
creases its velocity, and escapes tlirough its appropriate 
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haimel, the ?eDtikting flue. The requisites for such a 
Aovement are a sufficient supply of pure air ; a diflused 
SDtrance through or near the floor of the apartment ; 
a sufficient outlet from the highest point in the building ; 
t moving power, constantly and steadily acting, com- 
pletely under control, with such provisions at the doors, 
or such propellmg machinery, as shall efiectually prevent 
drau^ts and local currents. 
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MOVING POWER FOR VENTILATION. 

Uoving Power far Vt^ntilation. —Required nhcnerer spoDUDrnl I 
VentilaOon ia imufficient. — Should not depend upun tniml I 
Appsrntus, although it may be uaed to assist, — Ventilating Wi'"' I 
tuy. — Causa of Draughts \a Chiinnej. — Mode of calculating St\f ] 
city of ascending C a rrent. — Influence of Rosiatanee from 
fcclion of Flues. — Changes of Diameter in Chimnoya. ■ 

ion of the Throat and Top. — Influence of Temperalme u" I 
Draaght, — Dimenaions of Chimneys. — Ventilating CMmnej of 1 
Houses of Pttrliamenl, — Conatruclion of Chiraneys. — ProyiriM 1 
Hgainat cracking. — feMilaling fun. — Eihauating Fan.— Bio*- | 
ing Fan. — Desoription of beat Fotms.- Velocity of Current froa 
Fan. — Of the Fau with curved Vanes. — Practical Rules tt 
lowed in constructing Fans.— Dimensions and Velocity. - 
of curved Vanes. — irtJiimedes' Screic. — lis Advantages. — WioiJ- 
mill Ventilator. — Pumps. — Comparison of practical ReaulU of 
these moving Powers. — Comparative Eipense of building aii 
working Ihera. — Moving Power to be used in new Houhb of 
Parliament. — Comparative Advantages of Plenum and Vaonan 



Whenever the difference of temperature between 
r the air admitted to warm a room and the external air, 
' or the diminished specific gravity of the vitiated air, 
does not determine a sufficient ventilating current, — or, 
in other words, when the spontaneous ventilation is not 
sufficient, we must resort to other means to increase 
it. The means usually adopted are heat in a ven- 
Ulatiog chimney, mecbaoical agents, and the injeclion of 
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earn iato ihe axis of the esit flue. Of the last it 
ay be remarked, that, although it has been used in the 
intilation of mines, and is at present ihe most iropor- 
nt and successful mode of producing a draugbt in lo- 
imotive engines, it is hardly admissible in the ven- 
lation of houses, on account of the noise which an 
termitting jet of steam produces when escaping into 
cliimney ; the chimney having very much the same 
feet as an organ-pipe upon the vibrations of the in- 
Dsed air. Besides which, experiments indicate that 
earn is more efficient in the production of a current 
hen acting through the intervention of a fan, than when 
led directly. Otherwise, the simplicity of the appara- 
», requiring only a holler and connecting pipes, would 
like it a very convenient mode of creating a current. 
We may use for a ventilating chimney that which 
rves for the heating apparatus ; but to this there are 
reral objections. We ought, in all cases, to have [he 
aiing and ventilating arrangements so far separated 
It we may have botii under complete control ; this we 
nnot do, if the two are combined. The air required 

■ the combustion of the fuel may be very properly 
iwn from the apartment to be ventilated ; but when 
i amount of ventilation is greater tlian that required 

■ the fuel, it will be found more economical to have a 
imney exclusively for this purpose. 

In summer, and in spring and autumn, we need ventila- 
■n, especially at the two latter seasons, when either no 
B or v^y little is wanted ; we should then be obliged 
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to heat ihe warming apparatus unnecessarily, or have a 
separate flue, or at least a separate fireplace connect- 
ed with the same flue. Neither can we depend willi 
certainty upon the waste heat of a kitchen or lauodry- 
fire ; they are not sufficiently constant, although ihej 
may be used so far as they go, but never without addi* 
tional aid, which may be brought to act at any moment. 
Fig. 31. Fig. 32. 



^ 
^ 



Ventilating Chimney. — The upward movement of air 
in chimneys depends upon its expansion by beat. Id 
the section on Gases, we bave shown that sir expands ^ 
of its bulk, at 32°, for each degree it is healed. If 
we have a tube, A B, flg. 31, open at both ends, the 
point A will sustain the pressure of the superincumbenl 
atmosphere, while iJio base, B, will sustain this pressure 
ivith the addition of that contained in the tube. As 
fluids press in all directions, the pressure upwards, un- 
der the base, B, will also be the whole pressure of a 
column of the atmosphere above the level of B, upon 
the outside of the tube A B; consequently, if the air 
in A B be hotter and lighter than an equal column 
pf exlernal air, tlie pressure on B will be greater 
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from below upwards ihan from above downwards, and 
the air at B will begin to ascend. 

Tn ihe syphon, A B C D E, fig. 32, let us sup- 
pose the leg A B filled with a fluid equal In weight to 
the cold air, and the leg C E, with a fluid equal in 
weight to the warm air ; it is evident, that, if the fluid 
representing warm air is lighter than the other, we must 
increase the length of the column, if we would have it 
balance the first ; let this additional column be repre- 
sented by D E. Now it is shown in mechanics, • that, 
if the end of the tube. A, be covered tightly with the 
finger, and the column D E removed, on lifting the fin- 
ger the fluid will spout from D with a velocity equal to 
that which a heavy body would have acquired in falling 
from E to D. This velocity, uninfluenced by friction, 
or any other resistance, is eight limes the square root of 
the height E D, nearly. 

To ascertain the height E D, we measure with & 
thermometer the temperature of the atmosphere, and of 
the heated air of the chimney, and multiply the height 
of the chimney in feet by the product of the difference 
in degrees between these two temperatures and the ex- 
pansion for 1° ; the result is the height of the addition- 
al column required to balance Ihe column A B. For 
example, let the chimney be 20 feet high, with the ex- 
ternal air at 40°, and the temperature of the heated air 
100°. 100 — 40 = 60 ; 60 rauhiplied by 0.002036, 
the expansion for 1°, = 0.1222, the expansion for 60° ; 
' See Appea^x, '. 
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20, the height of the chimney, muhiplied by 0.1222 =*= 
3.44 feet, the additional height of warm air required 
to balance the cold air. Eight times the square roo^ 
of this height, or 12.49 feet, is the velocity per second 
of the air ascending the chimney. 

The rate of expansion is not precisely what we hav^ 
here given, for the air in this case does not expand ,^ 
of what it is at 40°, but at 32°. 

491 parts of air at 32^ have become 499 parts at 
40°, and 559 parts at 100° ; hence we have a pro- 
portion between the pans at 40° and 100° by which 
we deduce the true expansion. 

Vol. &t 40°. Vol. at 100°. Height of column. Expanded coluinn- 
491+8:491+68 : i 20 : 22.405 

The difference between the expansion by the first and 
second method is, in this example, but 0.039 of a fool, 
or about .08 of a foot in the velocity per second; > 
quantity quite inappreciable in practice. 

In the preceding calculation, we have supposed that 
the only change which has taken place in the air of the 
chimney is expansion. This is not true, other changes 
having taken place ; the oxygen has been converted into 
carbonic acid, which is more dense than atmospheric 
air, and will consequently diminish the velocity of the 
ascending column. To arrive at more exact results, we 
must multiply the quantities of nitrogen and carbonic 
acid in 100 parts by their respective densities, add their 
products together, divide their sum by 100, and divide 
the above result by their quotient. But as the qui 
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converted into c ar bonic acid Tariei gP^nidjr ^th 

management of tbe fire and other circomstances, 

iriieo one half of the air, as usoaDjr happens, is 

^^^^tatmied, the qoantit;^ by which the abore resnh is to 

divided differs only- .045 from mu^, it may safelj 

le^ected. 

These movements are due to warm air iminfluenced 
T^^ fiiction ; but the results of calculations in which this 
^ neglected difier widely from facts observed in prac- 
tice. Resistance has been ascertained by D'Aubois* 
^Qd to be proportional to the length of the canal, to in- 
^Hease as the square of the vdoci^ of the current, and to 
be in the inverse ratio of the diameter of the canal. To 
obtain a correction for friction, then, we must have re- 
|urd to the height of the chimney, its diameter and the 
Telocity of the current ; to these we must add a fourth, 
depending upon the nature of the materials of which the 
chimney is built ; for evidently a smooth surface would 
not ofier so great a resistance as rough bricks or stones. 
The formula* according to which these corrections 
are made is somewhat complicated, but it is easy to see, 
from the above facts, that chimneys should be made 
large, and smoothly plastered. As the same laws govern 
the movement of cold as of warm air, the air-trunks, 
whether for bringing cold air to tbe heating apparatus, or 
difiiising heated air in the apartments, should be as large, 
and the air move as slowly, as is consistent with the 
economy of heat. 

* See Appendix, No. XV. 
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Variations in the diameter of ihe chimDey must ne- 
cessarily produce a change in the velocity of the air at 
the points at which the variations occur. Advantage is 
often taken of ibis to deliver the smoke into the air widi 
a velocity that shall prevent its heiog blown down by the 
wind ; but if this contraction is carried beyond a certaia 
limit, it is followed by a diminution in the draught of the 
chimney, which defeats the object ; the chimney-top 
should never be less in area than one half or one third 
the diameter of tlie cfalmney. 

Contractions in the fireplace are also attended with 
an increased velocity, which augments with the dimiiiu* 
lioD uuUl it may be four or five times that due to the 
column of warm air. From the laws of the inovemeot 
of fluids, it is seen that all sudden changes are attended 
with a serious loss of velocity, which does not occoF 
if the change takes place gradually. If the change 
is gradual, the loss is dependent upon friction alofM> 
Whenever, therefore, we wish to contract the fireplace, 
it shoukl not suddenly take the full diameter of the 
chimney, but should be sloped off gradually. 

In connnecting flues witii a chimney, it should be 
borne in mind that at the bottom the pressure of the at- 
mosphere inwards is greater than the outward pressure 
of the gases contained ici the chimney, that at the lop 
^ pTi^ssure may he from within outwards, while at some 
UiJiMt<< between the two the pressure may be precisely 
hi^UiMtlitirium. Consequently, independently of the ad- 
Vfi^U4^« tittending a longer column of warm air above, 
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I all flaes should enter as Dear as possible the base of the 
f chimney. Another point in practice, of which we have 

before spoken, is of importance ; two currents entering 
at right angles may, if of equal velocity, destroy each 
other, or, if of unequal velocity, the greater destroy the 
less. This should be prevented by giving all flues a 
vertical direction as they enter the chimney. 

If, for any reason, we wish to introduce a flue at a 
point where the inward pressure is slight, it can be done 
by contracting the chimney suddenly just below the 
point, when an inward pressure will he obtained. If, on 
the other hand, we wish lo take air from a perpendicu- 
lar hot-air trunk, we can do so by suddenly contracting 
the main trunk just above the opening. 

Although we have staled that the draught of a chim- 
ney increases in a certain proportion to the heat, siill it 
appears from calculation that this occurs only within 
certain limits, beyond which there is not only no in- 
crease in the draught, but a decided diminution. This 
will be seen from the table. Appendix, No. XVI., ex- 
tracted from M. Peclet's work on Heat, Vol. I., p. 167. 

The draught at 6rst increases very rapidly with the 

II temperature, but gradually diminishing, it becomes con- 
J Btaot between 480^ and 570°, beyond which it dimin- 
^ ishes, and at ISOO'^ it is less than at 212°. The reason 
-l^, of this Is found in the great expansion of air at a high 
^ temperature, by which its volume is so much increased, 

jtl '''**i although the velocity may be very great, the quan- 
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tity, when reduced to the temperature of the atmoephvCi 
is less Uian at a lower temperature. 

The DimenHana of the Ventilating Chimney. ^ik 
an important point, in the constroction of a ventilinng 
chimney, to determine the dimensions required to wilb- 
draw a given amount of air. The velocity of the air » 
caping will depend upon the temperature, upon dK 
height, and the diameter of the chimney. 

In all arrangements of this nature, we must be fgsi' 
erned, in a great measure, by the expense ; increase d 
diameter is the least expensive, then follows height, and 
a constant increase of temperature is the most expen- 
sive ; besides which, we see from the table above gives 
that tliis last can be carried to a certain extent only) 
while the two former have much greater limits. 

Tlie whole object of a ventilating chimney being to 
deliver a certain quantity of air, in deciding upon its di- 
mensions, we must consider all the resistances which 
must be overcome by the heated column. Under ordi- 
nary circumstances, in steam-engine chimneys, and 
those for various purposes of the arts, the greatest resist- 
ance is offered by the grate and the combustibles upon 
it. Kxperience shows that for steam-engines a certain 
tliicknoss only of the fuel is admissible, that the air may 
make its way tlirough with sufficient freedom to convert 
nil Iho fuel into carbonic acid. In the chimneys under 
consideration, it is better that all the air should not be 
^wn through the fire, that a portion should be admit- 

^ above it, not only for the better combustion of 
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I, but also that the teiiip«iliire mj be tint vlncli 
^^Nito4jiAces the mayinMim draught, abcNH 500^, aid ifaat like 
(iQtiEuiK^e may be dimiiiisbed by the freedoai viih which 
fi^rs the flue* All things Gonsideied, ifae mtm ad* 
'antageous fires are those io which tea per emu of the 
^jr ia coDsumed^ or one half of its oxygen. The thick- 
^^Qfla of thj^ layer of coal which wffl aoswer this iiMB- 
tSon is three or four bches. 

Although we ooay produce a great rdociiy in the fire 
\y increasipg the section of the chimDeyabore it, stiB this 
Qamiot exceed certain limits, because the section mast 
\eAT a certain relation to the height ; otherwise the enr- 
leiit of air will not 611 the whole interiGr of the floe, and 
^eo % counter current may be dmwo down frooi ils 
summit. 

Perhaps the best mode of determining the difnen»ir>as 
is to ascertain, by the formula given in the appendix, as 
well as we may, the resistances due to all other causes 
than the grate, and add one third for this. After deler- 
mybiiig the height to which the chimney shall reach 
(this being usually limited), and the temperattare, we 
may then calculate the velocity in feet per second ; di* 
Tiding by the veloci^ the quantity of air to be with* 
drawn, in feet, increased by the quanthy doe to each of 
the resistances, the quotient is the section, in feet, sought* 
the :ventihting chimney of tho temporary Houses of 
Farheraent is 110 feet b^hy circular, 12 feet diameter 
at the base, -and 8 feet at the top, where the seetioo &» 
abocit 50 square feet. The grate is about 10 feet fir 
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the ground. The current of air has been observed to 
have a velocity of 30 feet per second. The amount of 
I coal consumed is about two tons each session of 12 or 
Ll4 hours. It has, for three weeks io succession, deliv- 
ered 70,000 cubic feet of air per minute. 

In all cases, it is much better to have the chimney 
larger and higher than is usually needed, that we may 
increase its power by a slight addition of fuel. 

In the new Houses of Farliamem, it is understood 
that the ventilating shaft, which is to be over the central 
hall, will be more than 200 feet in height, and of such a 
diameter as will allow of a sufficient current being pro- 
duced by the heat of the vitiated air, and that from the 
various chimneys, the flues of which are to lead into it, 
without recourse to any considerable amount of addition- 
al heat, or to any mechanical moving power, besides 
that necessary to prevent a tendency to a vacuum in the 
Houses, unless they be very much crowded. 

Construction of the Chimney. — The ventilating chim- 
ney should be built in that form which offers the least 
resistance to the current of air, and which will best 
withstand the effects of heat. The two most common 
forms are those in which the internal cross-section is 
cii-cular or rectangular. With regard to the exterior, 
it may take any form which is most agreeable to the 
eye, or most in keeping with the objects around ; either 
a Gothic turret, or a Grecian column. The walls 
should be double, with an air space between, to prevent 
the communication of beat, and to lighten the structure. 
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In this country, the best material is bricks ; ibey should, 
if the chlruaej is large, tie bound together by means of 
flat iron bars, turned at the ends to embrace two or 
more courses of bricks, and so arranged ibat the bars 
may cmss each other at right angles. 

A form of construction winch ia found to do well in 
practice is a square flue of the same diameter through- 
out, with a pyramidal eKlerior, strengthened as repre- 
sented iu fig. 33, beneath which are also represeoted 
the bars just mentioned. A chimney lately built for the 
Fig, 33. 
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Soraerviiie Bleaching and Calendering Company has 
the inner wall eight inches thick, and the flue two feet in 
its internal diameter ; the outer wall is also eight inches 
thick, and six feet by the side exiernaliy, at the base ; 
these walls unite at the top, which is forty inches 
B^piuet extemaUjr; its height is 76 feet, wA 'Si-flfif^ 
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bricks were required for the construction. It is used lo 
work the boilers which supply a steam-engine, and pro- 
duce steam for carrying on the usual operations of bleach- 
ing. The size of this chimney is intended in part to 
prevent the communication of heat, arising from the b- 
tense fire of the engines, lo the wood-work arouod ; 
consequently, it is much greater than would be required 
for a ventilating chimney. 

The air should be admitted to the ash-pit, and above 
the fire ; in the latter, through small openings from a pipe 
so directed that the air on its entrance may be thorough- 
ly mixed with the heated and burning gases. If more 
air still is to be carried through the chimney, it must en- 
ter two or three feet higher up, and so arranged that it 
may take a vertical direction before meeting the ascend- 
ing current. The same care should be taken with (hat 
entering below the fire, if it comes from opposite sides 
of the ash-pit. 

In fig. 34 is represented a form of chimney which 
will be found to work well if devoted to ventilation 
alone. In most cases, however, it will be better to 
bring all the neighbouring flues to it, both to secure for 
tbem a good draught, and lo take advantage of their 
waste heat. If this be done, these flues may entei 
where it is most convenient, taking the precautions U 
to direction just mentioned. The air-flues and cbimr 
ney should he fitted with good valves or registers. In 
the air-flues, those turning on an axis, the extremity of 
which protrudes externally and is furnished with a Imr- 
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die, are the most convenient. If a circular plate of iron 
pierced with holes, is fixed agaiost the flue, and a small 
pin passed through the handle, we may secure it in any 
Fi^. 34. 




position. Upon the plate, against each hole, could he 
noted the number of square Inches of free surface in the 
Sue, when the handle stood over the hole. In the chim- 
ney, the usual valve is a flat plate placed at the top. 
This plate has an arm projecting from its upper surface, 
moving in a bracket, fixed to the side of the chimney 
near its top ; a chain or rod is fastened to the aim, and 
desewidj to the ground, by which the plale is leaiiVj 
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moved. The great advaniage of this arrangement is, 
that it is so lar removed from ihe fire that it is not in- 
jured by the heat. If the heat of the fire is not voiy 
great, a more convenient valve would be that proposed 
for the air-flues, or a cast-iron plate, sliding in guides of 
' the same metal, laid in the bricli-work of the chirarey. 

Tht Fan. — The machine usually employed for pro- 
ducing a current, either in the ventilation of mines or of 
houses, is the fan. It is essentially composed of several 
vanes, or blades, inserted into a shaft, and made to revolve 
wiih it, either vertically or horizontally. By the rela- 
tion of these vanes, the air between them is put in mo- 
tion, and, in consequence of the cenirifugal force, is 
driven from the centre, and, if it were not allowed to es- 
cape freely from the tips of the vanes, would be com- 
pressed at the circumference. If two sides be added 
to the vanes, having an opening around the axis, and 
leaving the extremities of the vanes still open, the air will 
rush in at llie central opening, and escape at the circum- 
ference, throughout the whole revolution. By adding a 
tube to each of these central openings, and connecting 
them with the rooms to he ventilated, the fan will pro- 
duce, when in motion, a flow of air from the rooms pro- 
portional to its size and velocity. Fans have usually 
received the names of blowing and exkamting fans; 
blowing, if it is the circumference which is connect- 
ed with the room to be ventilated, and exhausting, if it 
is the centre ; in the first case, the air of the 

L and in the second, dilaled. The onl^ 
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Terence between these two machines being in some ar* 
rangements for preventing loss of power by leakage ; 
the moving part of the fan is in both the same. 

Various forms have been adopted in the conslniction 
of the sides of the fan, and in the arrangement of the 
vanes or blades. In some, the sides are united firmly 
to the vanes, and in others, only one side is movable, 
wbSe the vanes revolve as near as possible lo the 
other, which remains fised. In some, the vanes are 
plane, arranged in the direction of radii to the axis of 
rotation, and in others, curved. In the latter, the fan 
moves in the direction of the convexity of the curve. 
Fig, 3S. , 




Fig. 35 represents a section of a fan w\\\\ 'pXaw 
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vaoes, the section being made in the direction of the 

axis. These vanes are twelve in number, usually nnde 

of sheet iron, uid arranged in the direction of radii to 

the axis of rotation. A is the air-channel ; B B, the 

fixed side ; C C, the movable side, to which the vaoa 

are attached, and which revolve with the axis D ; £) 

the driving pulley ; F, the standard, supporting one end 

of the axis, the other turning in a cross-bar attached to 

the fixed side. 

Fig. 36. 




Fig. 36 is a section of the same fan, across the axis, 
showing the number and relative position of the vanes ; 
they are attached firmly to, and revolve with, the side 
C C, in fig. 35. 

The following figure (fig. 37), from Annales des 
Mines, 1839, Vol. XV. p. 232, is a section. In the di- 
rection of the axis, of the fan used by M. Combe, in 
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ventilation of the Belgian mines. The vanes are of 
tt iron, curved, ten in number, and fixed with the 
to the movable side. The movable side is curved, 
represented in ihe section, in such a way that the 
ces between the vanes have cross-sections of equal 
1 from the opening at the centre of the fan to its 



Pig. 37. 




lumrerence. To prevent the rotation of the air at 
centre, and to force it to enter the spaces between 
vanes at a determinate angle, a plate of iron is placed 
OSS the central opening, attached to the fixed plate 
its two extremities, and of sufficient width to extend 
m one side of the fan to the other. &. ia xV« Kxa "i 



160 FAN wrra cvstbd tamxi. 

P, the dririif pulley ; B B, the morable Bide, attaeberf 
to tbe ixis by tbe screw, E ; D D, the fixed side ; OQt 
the aides of the air-chamwl. 



Fig. 38 is a section of tbe fan, with curved Tsneii 
^ving the form of the vanes. The fan is supposed m 
move in the direction C D E. 

In both these fans the axis is horizontal ; it imj, 
however, be vertical, and such an arrangement afibrds i 
belter opportuniiy for making the movable parts (igbli 
and preventing leakage of air. A circular trough, three 
inches in width, and six inches ia depth, may be placed 
on the horizontal top of the atr-cliannel, into which i 
short cylinder, attached to the side of tbe fan, desceiuli 
nearly to the bottom. This cylinder has the same cen- 
tre as tbe circular trough and the fan. The trough i) 
half filled with water, and all communication is thus 
effectually cut ofi*, without producing friction. 
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It is mm m ttMM i } -Am 4e sdes of die 
dMMdd be ■ dose enact ^ndi die mes. Im 
ZMlf tint dieir i^ taxrat as ■en* Ae sides of die 
as tfacT can wdl do nhm ww i l i i ii e ^ Tkb oee 
qsbIIt placed aeaitr ia coatact vidi die cads ^ like 
except at a cenaHi pottkai of die oiiiHUKiciice'« 
^ winch die air-dBOoel i laa i ia aa u adig widi die apart* 
KHent into which die air is to be daown b aittched. 
tn some foims, die case i^ mde of a hi^er diameter 
than die circle desciibed br die dps of die vanes^ and 
these last are ecc cnt iic widi r^ard to it. beii^ placed 
Heara' that portioo of the case from ¥duch the air-cban« 
iiel commences. Thb b an improTement over the 
first, inasmuch as it allows the air to enter the spaces 
between the vanes, throodi a larger part of the revokh 
don. A better arrangement* is to place the sides of die 
case at least two feet from the circumference of the (an^ 
uid to attach the air-channel to any point of it that may 

* It will be seen that the TentiUting fkn is legmni^ m «ciin|r dil^ 
feientlj from that «aed in fboodriesy where veloeity and prt«ure iT« 
wanted ; consequently, no advantafe can be derived fVom giting Um 
air any absolate velocity, by impelling it forward into the air^channt"!. 
The eccentric fan may derive some advantage fh>m the impelling 
power of the tips of the vanes, but even then a tUU greater «d« 
vantage arises from the constant flow of air which is allowed by Ihf 
constantly increasing space. 

14* 
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be most coDvenient. But even with this arrangeinatf) h c 
the air in the space surrounding the vanes is somewhl |i .:i 
compressed, and offers a certain resistance to that eoto* 
ing it from the fan ; hence, it is generally found dn 
blowing fans act less efficiently than those which exhioi 

By applying to the fan the theory of the centiifa^ 
pump, it can be shown that the air will escape tbroo^ 
the canals formed between the vanes, with a veloGitf 
equal to that of the rotation of the tips of the vanes, V 
no resistance be experienced in drawing the air iotothi 
machine, or in pushing it into the surrounding medium, 
and if there is no resistance from friction in the canali 
themselves.* Practically, resistance is experienced on- 
der each of these three forms, and the result is modified 
by it. We see, also, that the air, at the same time thit 
it moves outward from the centre, is carried forward bf 
the rotation of the vanes, and tlie direction with whidt 
it finally leaves the fan is the resultant of these two mo- 
tions. It is not necessary in fans for ventilating pur 
poses that the air should be tlirown forward, although 
it may be in those intended to supply a blast for a fur 
nace, and, to avoid it, the vanes have been made curved; 
the curve, which is a part of a circle, is so constructed, 
that, as the air moves outward, the space between die 
vanes curves backward, and allows it finally to escape 
directly outward, the tips of the vanes being nearly tan- 
gents to the outer moving circumference. 

Another advantage has been supposed to belong to 

• See Appendix, No. XVII. 
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curved vanes. If we have a curved tube, ABC, 
u fig. 39^ moving around the point C, in the direc- 

Fig. 39. 



B 



tioo A B, we see, that, although the part B strikes tiie 
iir as it revolves, and occasions some resistance, the air 
ll front of the end A is dilated, and this dilatation tends 
to draw the air through the tube in the same direction 
89 the centrifugal force, and with a certain relation to it. 
This influence must always exist, for the air never can 
flow so rapidly into the partial vacuum formed by the 
revolving tube, that a portion shall not be drawn through 
it. The same conditions exist in the spaces between 
Ae vanes of the ian, any two contiguous vanes forming 
eurved tubes like that above described. A portion 
of the moving power may thus be saved, although the 
increased friction due to the greater length of the vanes 
must considerably reduce it."*^ 

If the sides of the fam with vanes in the direction of 
Ae radii are parallel, the spaces between them increase 
in area as they leave the centre, which does not take 
place with the curved vanes. The consequence of this 

* M. P^clet, Traits de la Chaleur, p 223, remarks that the fan yf'iih 
curved vanes, by M. Combe, has never been constructed on a large 
scale, and the results of his calculas have not been tested by expert* 
ment. M. P^clet sees no peculiar advantages over those with plane 
rnnen. For an elaborate paper by M. Combe, containing the mode 
of construction of his fans, and the mathematical investigation con- 
nected with them, see Annales des Mines, Tom. XVI., p. 280« 
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must be thai ihe moving power is less, in proporilon to 

the velocity of the air in tlie air-channels, in the fonoer 

than in tbe latter ; for it is well known thai less air wiD 

escape, under the same pressure, from a tube having 

the same diameter throughout, than from a tube the 

termination of which is a cone enlarging so gradually 

that tlie air entirely fills it. 

f Tbe dimensions of the tubes formed between ibe 

I nines should be such that the air may have the same 

velocity throughout its whole section, and escape freely 

I {tow their extremities. If Ihe vanes are too short, air 

I will be drawn from the circumference inward ; if too 

long, the only inconvenience vrill be the increased friction 

due to the increased length ; but, as the resistance is 

I slight, compared with the other resistances to be over- 

come, it is belter to make them too long than too sliorl. 

It has been proposed to make the outer circumference 

of the fan double the diameter of the central opening) 

I ind to have six of the vanes equal in length to the dis- 

I tance between the centra! opening and the circutnfer* 

I •ncc, with an intermediate vane of half (he length be- 

[ tween each, but lerminaling, like the first, at the circum- 

I Ibrence. 

I A similar arrangement has been adopted in tbe curved 
^Vnnes ; but, instead of having the whole of the shorter 
Innos pliiced at the circumference, a portion of the mid- 
Ulfl of the curve is removod, leaving portions at the two 
t VXtremilies, to give the proper direction to the air at its 
UMniitoa and axil. 
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ing per second, at the temperature of 165° F., vi 
66.5 cubic feet, weighing 4.3 lbs. The loss of heatb} 
cooling was 33 per cent. 1570 lbs. of coal, of an in- 
ferior quality, were consumed daily. The dilatation pro- 
duced by the draught was .47 of an inch in water, or 30 
feet in air, at 37.5° F., and the work was equal to 4.2 lbs. 
X 30 = 127 feel ; and as a horse-power is estimated al 
32,000 lbs. raised 1 foot in 1 minute, or 1 lb. raised 533 
feel in 1 second, 1 lb. raised 127 feet is 0.238 of a horsfl- 
power. Admitting that a horse-power requires the con- 
sumption of 15.5 pounds of tbis coal per hour, and aa 
the consumplion in this time was -'^ = 65.42, ^,f ^4.22 
horse-power, the effect produced by the chimney is 
equal to %J^ = 0.056 of the effect that the fuel would 
have produced if consumed in working a steam-engine- 
Two chimneys, of which one was 84 feet high, willi 
a section of 15. G square feet, and the other 99 feet high, 
and 17.36 square feet in its cross-section, gave the same 
results. In the great ventilating shafts of mines 700 
feet in depth, it was found, however, that the effect of 
the fuel consumed greatly exceeded the power of a fan 
worked by a steam-engine consuming the same amounl 
of fuel. 

Pwmps. — These are wooden cylinders fitted with pis- 
tons, having valves opening upwards ; the bottom of the 
cylinder, which is also furnished with a valve, communi-' 
cates with an air-channel. They are put in motion bj=^ 
I a steam-engine, and their useful effect was found to be^* 
feom 36 to 40 per cent, of tiie power of the fuel as 
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above estimated. M. Combe found the effect 20 per 
cent, in one case, and 25 in another.* 

Archimedes^ Screw. — The power of this machine, 
when driven by a steam-engine acting on the axis by 
means of a pulley, was estimated to be between 31 and 
25 per cent. 

Centrifugal Fans^ with plane vanes, and but four in 
number, gave a result of 20 per cent., and those of M. 
Combe, 38 per cent. 

Injection of Steam. — Steam was thrown into an 
upright shaft, through six tubes of wrought iron, 4 feet 
long, and 17 inches in diameter, each of which re- 
ceived a jet at its lower extremity. Useful effect only 
5 per cent. A jet under pressure of 2.75 atmospheres 
in a chimney 130 feet high, and 46 inches square, gave 
6.7 per cent. 

Dr. Ure has estimated that the power of the fan, 
measured by the exhaustion produced, is thirty-eight 
times that of the ventilating chimney consuming the same 
amount of fuel.f But we think he must have overrated 
its power, although there can be no question, that, as 
regards fuel, it is much more efficient than the chimney. 
His experiments were not made upon the ascensional 
power of the gases arising immediately from the burning 
fuel into the chimney, but after they had passed under 
the wort-coppers of a brewery, or the boilers of a 
steam-engine ; consequently, their temperature did not 



* Annales des Mines, Tom. VI., p. 209. 

t Mechanics* Magazine, Vol. XXVII., p. 22. 
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probably exceed 220° or 230° F., even at their en- 
trance into the chiraney-shaft ; while the temperature of 
these gases, arising directly from the burning fuel, would 
ttot be much imder 800°. 

In tlie experiments of M. Glepin, above mentioned, 
it must be observed that the power tost in the engines 
required to put the different machines in motion has not 
been regarded ; consequently, their actual working pow- 
er cannot be considered as precisely ascertained ; the 
error cannot, however, be sufficient to affect materially 
the question of relative economy of fuel. 

In point of economy of fuel, then, we End the curved- 
^ne fan takes precedence. But a fan requires steam- 
power, and, if it is to be kept in constant motioD, as 
Would he necessary In a hospital, will require two ei»* 
gines to provide for accidents and repairs. A steam- 
Engine is a complicated machine, and liable to get out 
of order, and, except in large cities, where the requi- 
site mechanical skill can be easily commanded, cannot 
be trusted to. In buildings for legislative assembliM. 
which are in session but a part of the day, time can Iw 
obtained for repairs. In hospitals, an engine could be 
used for other purposes besides ventilation, — pumping 
water, driving a washing-machine, &c., — work which 
makes up no small portion of the annual expenditure of 
large institutions of this kind. The chimney can be used 
but for one purpose. The first cost of the engine and 
fan, and of the chimney, could not be very diflerent. A 
■veij strong recommeadation of the chimney is ila puiw 
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nency ; if well buOt, it will remain for years, requiring no 
repair except about the grate and fireplace, and no oth- 
er attention than supplying it with fuel. Its simplicity, 
also, its freedom firom all machinery, is another advan- 
tage. Simplicity in the moving power is exceedingly 
important ; the more readily it can be managed by an 
attentive person, the more certain are we of securing a 
steady and efficient movement. The constancy of its 
operation is a strong point in its favor. Its effect does 
not cease immediately when the fire is extinguished ; the 
materials of which it is composed retain, and gradually 
communicate to the air passing through it, sufficient heat 
to keep up a considerable draught for some hours. In 
the ventilatmg chimney of the House of Commons a 
downward draught has never been observed, not even 
when it has contained no fire ; an upward current being 
maintained by the retained heat of the sun, and by other 

causes before alluded to. We have reason to believe 

« 

that its height may b6 in no way offensive, since its area 
can be increased with a diminished elevation consistent- 
ly with a good draught. 

The most serious objection to this mode is the ten- 
dency to a vacuum. The chimney is an exhauster ; 
consequently, there is a minus pressure in all the apart- 
ments with which it, communicates. The immediate 
effect is an inward draught from all open windows and 
open doors ; and if air enter by these places, less will 
come from the heating apparatus, and a constant blow- 
ing upon all those situated near them will be expe- 

15* 
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rieaced. There will be a tendency to ihe introducticBi 
of HIT from between the walls, aod from all closets which 
bave no exit tubes connecting with the clilmney^. All 
open fireplaces in rooms under the induence of the 
cbimney must be dispensed with, unless their flues ate 
connected with it ; and this would often require a lenglt 
of horizontal flue, which, with any fuel depositing soot, 
would become foul ; even if anthracite coal or coke 
vete used, still the flue would be open to the objection 
of a liability to crack, and of thus becoming a source of 
danger. Glazed fireplaces could he used, each supplied 
with its own flue aud tube for air ; but there are iBany 
objections to these, apart from the trouble of being 
obliged to remove the glazing when the fire b to be 
made or renewed. 

In crowded apartments, it is found impracticable to 
create a sufficient ventilation by the chimney, witbOHI 
increasing many of these objecijons to such a degree w 
prevents its adoption. In the Houses of Parliament, tfie 
plenum impulse by mechanical means is always resoried 
to when a greater amount of air than usual is required, 
and, under ordinary circumstances, a part of the isa- 
piJse for the new Houses is to be derived tom the wind 
entering a cowl opening towards it, aided when necessa- 
ry by a fan. But where the amount of ventilation re- 
quired is moderate, and the apartments are never crowd- 
ed, as in a hospital, and where it is highly important tlfl' 
it should be kept up without intermission through the 
twenty-four hours, a chimney may be found the most 
convenient. All the exit ftues shouW \je coiecxei "\s* 
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<me or more main trunks, terminating at the base of the 
diimney. Some power is lost by obliging the foul air 
'to descend, against its tendency ; but this is more than 
compensated by the longer column of air heated to a 
much greater degree in the chimney. When proper 
provision is made for ventUation in connection with the 
original plan of the building, as it should always be, 
•^ position may be selected which shall diminish the ex- 
tent of the connectbg iSues, and greatly facilitate all the 
subsequent arrangements. Where the building is al- 
ready constructed, and a chimney of suitable size cannot 
be obtained in it, one might be placed near it, and a 
trunk constructed under ground, connecting it with the 
cellar, to which all the flues may descend. 

The amount of fuel required will be a serious objec- 
tion in the minds of some, but it must be remembered 
that the whole system is a waste of fuel. The question 
is, How much air is to be allowed each individual in the 
twenty-four hours ? The less he is allowed, the greater 
will be the saving. Where the expense of public insti- 
tutions can hie diminished, it certainly ought not to be 
omitted ; but economy should never come in competition 
with health. 

The amount of fuel consumed in the ventilating chim- 
ney of the Houses of Parliament is about two tons for 
each session of 12 or 14 hours ; during the sitting of 
Parliament, the fire is never allowed to be entirely out, 
and during the sweeping of the public rooms, is in full 
blast. With the fan used as a blowing engine, air is 
forced into the rooms, and its density is somev^ToaX ^^^V- 
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>er than that of the external atmosphere ; coDsequently, 
all the circumstances above enumerated are reversed; 
<l)o indraughts can take place either by the doors or win- 
dows ; on the other hand, air will be forced outwards al 
all tliese points. Fires can be used in open fireplaces 
without fear of descending currents. Each room may 
be furnished with its own exit flue, terminaling in ihe 
open air, and the loss of moving force due to the heat- 
ed air by forcing it to descend avoided. 

It has been imagined ihat apartments ventilated by ite 
plenum movement must be much more healthy than 
those in which the opposite motion is adopted ; and ibai 
the wind would be more active in the one than ibe 
other.* Bui we readily see that ihe opening of doors 
admits of only a slight difference in density ; if this 
■ difTerence amounted to but five tenths of an inch, and ii 
probably does not amount even to one tenth in Ihe ba- 
rometric column (a differencQ which not unfrequenlljr 
occurs in a few hours in the atmosphere without appre- 
ciable influence upon our health or activity), the pres- 
sure upon die doors and windoivs would be one sixtieth 
of the whole weight of the atmosphere upon each square 
inch, or 36 pounds to the foot, and would render diem 
quite immovable to ordinary exertions. Any inferences 
drawn from phenomena observed in limited atmospheres 
of three limes the usual density are entirely inapplica- 
ble to tlie jiraclice of ventilation. 



KDi] Mines, Sup^^f 

k^ M 



i 



OF AIM, worn. memjawaoL 177 



CHAPTER XI. 

QUAXTITT OF AIR REQUIRED FOR VENTILATION. 

Qmntity not to be ffetennhied by Tlteorr. — Eatinate of TRdfold 
and Amott. — Not rfrfily An imjimiI bj onr own Senwrioa^.— %. 

Injorions Effects of 6e6aen.i Snpplr en •ome Lue-wvATen In- 

flnence of a free Snpplr on Appetite. — Free Sopplr of Air pve- 
Tenta the Taking of Cold. — Inflnence of dinnle. — Qouititj of 
Air may sometimes be limited bj Cost of warming it in Winter. — 
French Chamber of Deputies, each Member allowed six^r*fi>ur en* 
Inc Feet per Hour. — English Honse of Conunoos, sixty-four per 
Minute. — Amount of Air desired. — Depends upon its Temper- 
ature, Moisture, and Velocity. — IndiTidnals differ as to required 
Temperature. — Influeneed by Climate, Age, Food, and preTioitt 
Temperature. — Temperature of the Walls of the Room has an im- 
portant Bearing. — Temperature of Air at the Points of Admission. 

— Importance of Moisture. — Its Effects on Disease. — JeffVeya* 
Respirator. — Objections to its Use. — The Sirocco. — The Har^ 
mattan. — Hospital for Invalids unable to remoye to a southern 
Climate. — Best Constitution of Air as regards Moisture. — Motion 
of the Air. — Its healthful Influence. — Limits to the Reduction 
of Temperature which can be borne. — Partial Currents in the Air. 

— Proper Velocity of Air entering an Apartment determined. — 
Direction of the ventilating Current. — Upward Movement most 
natural and fnost easily induced. — Downward Movement may be 
produced. — Objections to downward Movement. 

This is one of the most important of the questions 
arising in the practice of ventilation. We have no 
nieans of arriving at any trustworthy result by theory ; 
for the inquiry is not merely, what amount of air is re- 
quired to distend the lungs at each inspiration, or to sus- 
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^V of all the organs of ihe body. Tredgold, taking ioto 
consideraiion the effect of pulmonary aod cutaneous ei- 
halations, recommends four cubic feet per minute- An 
engineer, in the Theory and Practice of Warming 
and Ventilating, plainly intimates tliat this is mote tban 
will be required ; and Dr. Arnott limits us lo 

»4hree. These are theoretical results, and in one point 
*of view may have somR value ; they may indicate what 
the human frame will tolerate without immediate 
marked complaint, but they certainly have no value w 
guiding us in ascertaining the amount of air required 

tfor systematic ventilatii 
Neilher are our own sensations always to be taken as 
measures of the purity of the air in which we live. We 
may have been so long accustomed to a low standard, 
ihat we are not aware of the importance of its improve- 

tment ; the evils we suffer are attributed to other and 
very different causes. Dr. Arnott relates the case of 
some lace-makers in Buckinghamshire, who, to ihe 
number of twenty or thirty, assembled in a small room 
in winter and kept themselves warm by their breaths, 
that they might save fuel. The odor of the room, al- 
though unperceived by themselves, soon became to a 
stranger exceedingly offensive. They became pale, 
iheir health was broken, and some of them died. Al- 
though the cause of these results was so obvious to a 
f .well informed observer, it was difficult to convince them 
F their folly.* 
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The influence of fresh air in increasing the appetite is 
illustrated by the following fact from the Philosophy 
Manufactures, p. 380. In a weaving-mill near Man- 
ster, where the ventilation was bad, the proprietor 
Caused a fan to be mounted. The consequence soon 
^>ecame apparent in a curious manner. The operatives, 
kiltie remarkable for olfactory refinement, instead of 
^thanking their employer for his attention to their com- 
^9m and health, made a formal complaint to him that the 
Ventilator had increased their appetites, and therefore 
entitled them to a corresponding increase of wages ! 
3y stopping the fan a part of the day, the ventilation 
«nd voracity of the establishment were brought to a me- 
dium standard, and complaints ceased. The operatives' 
wages would but just support them ; any additional de- 
mands by their stomachs could only be answered by 
draughts upon their backs, which were by no means in 
a condition to answer them. 

In Edinburgh a club was provided with a dinner in a 
well ventilated apartment, the air being perfumed as it 
entered, imitating in succession the fragrance of the 
lavender and the orange-flower. During the dinner the 
members enjoyed themselves as usual ; but were not a 
little surprised at the announcement of the provider, that 
tbey had drank three times as much wine as he had 
visually provided. Gentlemen of sober, quiet habits, 
who usually confined themselves to a couple of glasses, 
were not satisfied with less than half a bottle ; others, 
who took half a bottle, now extended their potations 
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lo a botlle and a half. In fact, the hotel-keeper iras 
drunk dry. That gentlemen who had indulged so freelj 
were not aware of it at the time is not wonderful ; but 
that they felt no unpleasiiDt sensations the following 
morning, which they did not, is certainly quite so." 

A free change of air is one of the best preventives of 
the taking of cold, as it is called. When all the crevices 
are carefully closed, and the atmosphere becomes stag- 
Dant, we become susceptible to very sUght changes, 
against which we cannot always guard. To protect 
ourselves from, their injurious effects, experience has 
shown that the frequent renewal of the air is exceeding- 
ly important ; and the more we accustom ourselves to It, 
the less susceptible do we become. The amount of air 
required to produce tliis protection differs in different 
individuals ; persons vary in this respect, as they do 
in regard to food, clothing, and temperature. There is 
also undoubtedly a national difference ; although it is 
not improbable that those nations, as the BussiiQS, 
which are often referred to as instances of the litllfl 
influence of deficient ventilation on health, suffer tnucb 
more than is generally supposed.! Climate inSueoces 

• Keid on Ventilation, p. 80. 

t In Rus^a, the coTnmnn people are frequent!/ deprived of leaM' 
tion by vapnra ariaing irom the fuUowing; cause: — "Fenons of unk 
in that countr; have doable windows to tlicir haases in winter, tm' 
those of the poorer clauses are eingle. Daring Troaty weather, uiiD- 
cruatation id formed on Uie inside of those windows, &om a condU' 
aation of the breath, perspiialion, &c., of a number of persons tiiinl 
together in the same loom. This mephitic crust i» mixed wilb Ihr 
DoxioOB fumes of candles, and of the stove with which liie obaDilK' 
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ibe qiMiitity ifii|uiiiwi ; gfBenDr, it iiicwMi widi dv 
iicresse of tonpentive, md ibis nay is put nphii 
■ ^6 fiicfs with regtrd to tbe BHioo jost iciciicd to. b 
JmdOM, tbe doois and windoirs ire laade Tcnr hrge, woA 
k is found necessaiy in tbe erem^, eren vben tbe es* 
teraal air is tbe wannest, to tbrow tbem tride open. It 
is said by diose residing ia socb clinntes, tbat a fiumhr 
■ejecting tbis practice declines in bealtb. Tbe anxM»r 
of air tbns nsed is manj times tbat required for remov* 
ing perspiration and otber exbahtions ; it is to produce 
some otber effect, tbe precise nature of wbicb we do 
not as yet understand. lo Noitb America, embracing 
as it does several Tarieties of climate, tbe amount of air 
required in difierent sections must also vary. 

But it may be asked. What is the limit of the amount 
of ventiladon ? Tbe answer to this question must 
sometimes be, tbat amount which can be afforded. Tbe 
heating of air for this process is just so much fuel 
thrown away. Tbe most economical stove is tbat 
which is placed in the room to be warmed, and the 
smoke of which is reduced to the temperature of the 
room ; if no change of air then take place, by crevices 
or otherwise, we have arrived at perfection in tl)e econ- 
omy of fuel. Whether it is advisable to practise such 
economy, or rather parsimony, for this is its nature, is 
quite another question. It is upon this principle of the 

is heated. When a thaw succeeds, and the plate of ice is conyerted 
into water, a deleterious principle is disengaged, which produces ef- 
fects similar to those arising from the fumes of oharooaL" Thomas's 
Practice^ p. 825. 
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non-renewal of ihe air and low temperature of ihe 
smoke, that air-tighl stoves consume but little nood) 
that the odor of the rooms warmed by them, in which 
several people are assembled, is offensive, and their io- 
fluence upon the health injurious. In New England the 
winter temperature is such that the expense of heating 
up the air to a comfortable point is a serious item, and 
the temptation to economize in this respect is with some 
not easily resisted. Generally, however, rooms la pri- 
vate houses have but comparatively few occupants, and 
the crevices in various parts and the frequent opening of 
the doors provide, although in an imperfect manner, for 
the renewal of the air. When the heating apparatus is 
a hot-air furnace, the ventilation in cold weather musi 
be abundant. 

Where the question regards schoolrooms and pab- 
lic buildings, — and it is in these that ventilating arrange- 
ments become most important, — the answer must be 
widely different. Towns are just as much hound to sop- 
ply children in schools wiih an abundance of fresh air, 
as with teachers. Indeed, there are stronger reasons for 
the former than the latter. It should be remembereil 
that amends for a neglected education may be in some 
measure made in after life, but not so with injured beaUb. 
Generally, we should inquire, not on how small a sum 
we can warm our rooms, but how much we can afford 
to spend in warming pure and invigorating air, and intro- 
ducing it freely into our houses. 

Experiments have been made which will allow of an 
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■pproximaiion under given c ire ums lances. Id ihe valua- 
ble Researches of Le Blanc, ihe quantity and quality of 
the air in public and private buildings was carefully as- 
cerlamed. In the French Chamber of Deputies, sixty- 
four cubic feet per hour of fresh air were allowed each 
indindual, and of 10,000 parts escaping by the venti- 
Ulor, 25 were carbonic acid gas. We shall the more 
readily appreciate the amount of deterioration, if we call 
Eo mind that the quantity of this gas ordinarily present 
'D the atmosphere is but tsmc- Experiments have been 
made in a room prepared expressly for the purpose, up- 
on many persons, varying in number at each experiment 
from 3 to 234, of every variety of constitution, and in 
tile House of Commons every day of the session for 
lito years, and the results show that it was rare to meet 
with a person who was not sensible of the deterioration 
of the air when supplied with less than ten cubic feet 
per minute. In sultry weather it was always found that 
from twenty to sixty cubic feet were required to sustain 
a refreshing and agreeable atmosphere when no artificial 
refrigeration was employed ; and In the House of Com- 
mons, for three weeks successively, each member was 
supplied with sixty cubic feet per minute. 

If we consider for a moment that the lungs at each 
expiration are expelling a fluid, four per cent, of which 
Is a deadly poison, tending rapidly to diffuse itself in the 
atmosphere ; that tliis same poison is continually exhal- 
ing from our skins ; that these organs, too, are yielding 
B quantity (twenty grains per minute) of aqueous vapor, 
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increasing with the temperature ; we shaU not be sur- 
prised, that, in an ordinarily ventilated room, we miss 
thai refreshing influence a free and adequate supply of 
air alooe can give. 

We would not have it supposed, that, iii our private 
houses, ten cubic feel of fresh air per tninute should en- 
ter the room for each person in ii. As we have jusi 
remarked, these rooms are not constantly occupied; 
they sometimes contain several thousand cubic feel, be- 
sides what must unavoidably enter on opening the doors 
or through the various crevices about the doors and win- 
dows. All tl]ese circumstances must he taken into con- 
sideration, and they vary with each individual case. We 
ihall recur to this subject when speaking of the venliU- 
tion of private bouses. In public buildings, this esti- 
mate must not be taken without due regard to all the ex- 
isting conditions. Many modlGcations may be required 
to render this quantity healthful and agreeable. The ail 
must enter with a proper temperature and velocity, and 
hold in solution a certain quantity of aqueous vapor. 
All these conditions must be in unison ; a want of har- 
mony in either will be followed by a derangement of the 
others. 

TEMPERATURE. 

This condition of the admitted air must depend upon 
several circumstances, — upon the number of persons, 
its velocity, and moisture. The greater number of per- 
sons, the more heat wilt they impart to the air in cooltct 
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nritb tHem, and ifae more will be imparted to Ifae nails of 
the room.* In a dense crowd, air admitted slowly 
through the floor, at the temperature of 60°, rises to the 
temperature of 70° or 80^ before reaching the head. 

In experiments made on this subject, the tempera- 
ture of air from difierent Individuals, inclosed in a box 
lined vihh cotton, open above and below, and suspended 
jn the air, was found to be generally 4° higher above 
the head than below the feet. At natural temperatures, 
a current constantly ascended from the person on all 
sides. f 

Individuals difier as to temperature, as well as witli re- 
gard to the quantity of air desired ; one will be pinched 
with cold in a temperature at which another will be but 
comfortable. We knew a medical gentleman, who, on 
entering his office, invariably threw off his coat, even 
when his pupils were uncomfortably cold. The same 
individual varies in his feelings of warmth at the same 

* Ezperimenls aliowiiig the heal given off by thp human body, in 
mlectore-toomajfl. Gin. long, 23fl. wiae.and'JIl. higll. Number of 
persons in room, (i6 lo G6. External temperatare, about 3S°. 
Isldaj, 9 A. M. . Thermometer, 40° 

Lecture comiDenced, 10 "... " 44" 

lOi " . . " 57° 

Sdday, 9 "... « 48° 

Lecture commenced, 10 " - - . . " 51' 

lOi " . . . " 64° 

3d day, Oi " . . . " 48" 

Lecture commenced, lOJ " . . . " biP 

lO'W" . . . . " G!f 

I Appendix, Part II., to Second Report of the CommtSBioneni fnr 
inqoiring into the State of Large Towns and Fopuloua Districle, 
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temperature. To one well supplied wiih food a degree 
of cold may be comfortable which would destroy aaolb- 
er ; a starving man is soon frozen. The kind of food 
used has an influence on the beat-producing power. 

Persons inhabiting cold climates consume more animal 
food, and of a fatter kind, than those of a temperate ot 
hot climate. Age has a marked influence on the produc- 
tion of heat, the young child and the old man approach- 
ing in this respect. As age advances, the old man draws 
near the fire, because his power of producing heat is di- 
minished ; and it has been ohserved in hospitals for the 
aged, when the temperature of the dormitory in winter 
sinks two or three degrees below the usual point, thai 
hy this slight degree of cooling the death of the oldest 
and weakest, males as well as females, is brought about. 
Tliey are found lying tranquilly in bed, without the 
slightest symptoms of disease, or the usual recognizable 
causes of death.* 

Exercise is well known to increase ability to endure 
cold. A person who has been riding on horseback 
may complain of the heat of a room, while one who 
has walked slowly to it may complain of its coldness. 
Those from warm climates, during their first winter at 
the North, expose themselves, unprotected, to a degree 
of cold which the inhabitants will not meet. Jn Napo* 

Liebig. For many intereating and valuable obflervntionB and M- 
perimenls on llie influence of tempernture, moisture, and air, in 
moUon and at rfgt, on tlie animal economy, see " RpseBrohea on the 
Influence of PliyaicBl Agenta on Life," by W. T. Edwards. TnB»- 
l>ted by Dr. Hodgkin and Di. Fiiher. 
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eon's Russian campaign, the soldiers from the mild cli- 
Biate of Italy endured the hardships to which ihey were 
exposed much better than those from more northern 
countries. Those who have been well warmed at a fire 
before going into the cold air bear it better than others. 
In both these cases, a stock of beat-producing power 
seems to have been laid up which lasts for a consider- 
able time. The mental state, health and disease, will in- 
fluence the temperature desired. Patients in a hospital 
are in different conditions as to temperature ; those con- 
fined to their beds usually requiring a less heated atmos- 
phere than the convalescent who are able to sit up and 
move about. 

An mdividual sealed in a room warmed by heated air 
is differently situated from another in a room heated by 
an open fire, or any other radiating body placed in it. 
In llie first case, the atmosphere of the room may be at 
70°, or even higher, and yel be chilly. The walls have 
i*ot become heated ; the individual is constantly radiat- 
' 'ngheat to them and to the cold windows, and receiving 
"Wie in return except that derived from the air, which 
IS insufficient. In the other case, the walls, tlie fumi- 
'UTB, and the carpet all become warmed, and the amount 
of unrecompensed radiation is greatly diminished. When 
file windows of a room thus warmed are thrown open, 
^d the fresh air allowed to blow through it, and again 
■^sed, the heat appears to be restored much sooner, 
f d we feel much less uncomfortable, than in a room 
I *Ua»ed; by heated air. The individual also baa the rft- 
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dialed heat of the fire upon his clothes, draws up to it, 
and is really warmer there than in any other part of tba 
n>om. We are not of those who believe that it b of 
consequence how a room is warmed, so that it Is 
warmed ; we believe there is that in a blazing fire to look 
at and feel, for the absence of which no mere wannlh 
can compensate. 

- Air at the point of admission must bear a certain re- 
lation in temperature to that of the apartment to be 
warmed. If it be very hot, it may ascend direcdy to 
the ceiling, without imparting its heat to bodies arouad. 
In a church heated by two large hot-air stoves, derLve> 
ing the air through two large openings in the Boor, we 
have found a diiference, after the healing process has 
been going on three hours, of more than 20° between 
the temperature near the ceiling and that at the floor. 
In some public buildings a stratum of air has been ob- 
served at the height of twenty or thirty feet from the 
floor with a temperature above that of boiling water, 
while below it has been disagreeably cold. In private 
houses, with the hot-air furnaces now in general use, 
air is usually introduced al a high temperature, that less 
of the dr of the room may be displaced, and less heil 
be lost. We have abeady pointed out the course thai 
air thus introduced will take. It rises directly to ibe 
ceiling, spreads out upon it, and, on reaching the walls, 
descends by them and the windows, more rapidly by the 
latter, until it reaches the 8oor, along which it is dif- 
iiised towards the register, where a part is again drami 
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) the ascending current. Hence we see that those 
enabling around the register, and not over it, are id 
coldest part of the room. That this is the case we 
re also proved by the thermometer ; while the air 
dway between the floor and ceiling in a moderate 
ed sitting-room was at 74°, that near the register was 
t08°. 

Even in a room heated hy a stove, or any other ap- 
ratus placed within it and upon the floor, the air is 
ind, after a time, to arrange itself in horizontal layers, 
! temperatures of which decrease from above down- 
rda. In an experiment made to ascertain the differ- 
[ degrees of temperature existing in a room thus 
rmed, twenty-one feet in height, thermometers were 
ng, at intervals of about two feet, from tlie floor to the 
iiing ; liieir indications were as follows ; — 
Level of floor . . . 65° 

2.1 ft. from floor . . .67° 

4.2 *' " . . . 70° 

6.3 " » . . . . 72° 

8.4 " " ... 75° 

10.5 " " . . . 80° 

12.6 " ' " . . . Si'' 

14.7 " '< . . . . 86° 

16.8 " " ... 90^ 
19 " " . . . . 94°* 

"We see, then, that a temperature depending upon sev- 
il conditions will he required ; we have reason to be- 

• Annales d'HygiJne Pabliqae, Jnillet, 18M. 
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lieve that in private houses the air should never be at 
lowed to remain above 70° when warmed by heated air; 
when heated air is used in connection with open fires, or 
other radiating bodies, the temperalore will not often re- 
quire to be above 65°. Where systematic ventilation is 
practised in public buildings, the temperature of the ad- 
mitted air must depend principally upon the density of 
the crowd ; in private houses it should not exceed loO'- 



We have already shown, in the chapter upon the At- 
mosphere, that air holds in solution a variable amount (rf 
aqueous vapor, limited by ihe temperature. The influ- 
ence of this agent upon the human system is exceeding- 
ly important. The lungs are continually exhaling moisl- 
ure (see chapter on Respiration, p. 53), iu quanliiy de- 
pending upon the hygrometric state of the atmosphere. 
Whatever be the condition, as to moisture, of the in- 
spired air, it is uniformly expired very nearly saturate^ 
with aqueous vapor ; and as its avidity for moisture is 
inversely as the quaniiiy it contains, it is obvious thai 
the amount removed from the lungs must also vary a 
the same proportion. The skin also loses tiioisture Ij 
the two processes of insensible perspiration and transu- 
dation, or sweating. The former of these, by which 
much more (nearly six times as much, under ordinarj 
circumstances) is lost than by the latter, is greatly in- 
fluenced by the bygrometrio stale, the motion, and rare- 
faction of the atmosphere. If the air be too dry, tb? 




r 



191 

lining membraDe of ihe luogs, Ifaroat, and mouth may 
be deprived of its necessary moisture so rapidly that aa 
uncomfortable degree of dryness, or even inflammaiion, 
may be induced. 

During cold weather, when a room is healed by 
means of a stove or a hot-air furnace, many persons ex- 
perience a painful sensation in the chest, produced by 
the excessive dryness of the air consequent upon raising 
that possessing only tlie amount of moisture due to 32° 
to Ihe lemperalure of 70^. This unpleasant feeling, 
nliich is often confounded with loo great heat, is fre- 
quently reheved by placing a vessel of water upon tlie 
Store or in the furnace ; but it is rare that the quantity 
thus evaporated is sufficient to give the necessary 
amount of moisture. 

Some animals may be destroyed by exposure of the 
skin and lungs to dry air. In some diseases these or- 
gans are dry, and it becomes necessary to prevent all 
evaporation, or even to add moisture to them. This 
can be done by generating a large quantity of steam, and 
diffusing it thoroughly in the air to he breathed. Late 
observations have led some physicians to believe that 
breathing an atmosphere saturated with moisture affords 
the greatest relief, and does more towards the cure of 
ihst terrible disease of children, membranous croup, than 
any other known means. 

Mr. Julius Jeffreys infers, we believe, that, in all 
cases of inflammation of the organs of respiration, they 
are more dry than naiui-al, and, before any cuie ca.u Nie 
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atiempted, evaporation from the surface must be pre- 
vented. To effect this, he covers the moulb and nose 
with the respirator, an inslrument composed principally 
of fine wires, upon which the vapor of the breath is de- 
posited, at the same time that their temperature is raised 
by its warmth. The inspired air, as it traverses the 
wires on its way to the lungs, is thus both moistened and 
warmed before entering them ; the invalid carries wlili 
him an atmosphere in some degree constant in both 
these particulars. We have always doubted, however, 
whether the animal matter held in solution in the vapor, 
and deposited with it upon the wires, and which is again 
conveyed to the lungs with the inspired air, may not di- 
minish the good effect we might otherwise obtain from 
this inslrument ; whether the patient does not carry with 
btm an atmosphere constantly impure, as well as raoisl 
and warm. 

It is possible that a hospital might be constructed 
with eSicieat apparatus for warming and ventilating, in 
which an artiiicial atmosphere of any assignable hygro- 
metric state could be maintained. Experiments couM 
be tried, which might lead to important results in the 
treatment of diseases of the respiratory organs, and af- 
ford great relief, especially to those who are unable » 
obtain the advantages of a removal to a southern climate. 
We are not so sanguine as to suppose that all pulmona- 
ry diseases may be cured by such buildings. Tubercu- 
lar disease is admitted by all to be, except in very rare 
cases, incurable. But decided advantage may reason- 



THE SIR0i;CO. 



ably be expected in iDflammatory affeclions of the tra- 
chea and bronchia, especially if attended with frequent 
cough and little expectoration, even when complicated 
with tubercular disease ; such cases, in fact, as would 
be benefited by removal to a southern climate. 

Thai the fluctuating quantity of moisture has its influ- 
ence is proved by our sensations. There are times 
when the most healthy and vigorous are oppressed with 
languor, which they justly attribute to the weather, 
while at others they feel braced and exhilarated. Per- 
haps it is not loo much to say, that, when the atmos- 
phere is warm and loaded with moisture, a hundred 
times the amount of air that would suffice when cool and 
dry may be home with pleasure. In the close and sul- 
try weather which accompanies the former state, there 
must be a diminution, or even suppression, of the insen- 
sible perspiration, which cannot be discharged into an al- 
mosphere already loaded with aqueous vapor ; while, 
with an atmosphere properly constituted in this respect, 
all the vital functions may be increased in energy so 
long as the transpiration continues unimpeded. 

The Sirocco is invariably charged with moisture, and 
its effects upon the animal economy will illustrate, but in 
an exaggerated degree, the influence of damp, warm 
weather. When it blows with any strength, the differ- 
ence between a moisl-bulb thermometer and a dry one 
seldom exceeds four or five degrees ; a temperature of 
86° often has a dew-point of 80°. The higher its 
^temperature ihe more distressing its eEfec\s, 
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the liule evaporation it produces. This last is connect' 
ed with its humidity, the prmcipal cause of all its peco- 
liarilies, — of the oppressive heal, — of the perspiratioB 
with which the hody is bathed, — of its relaxing and de- 
bilitating effects on the body, and its lowering aad dis- 
piriting effects on the mind. 

The Harmattan, on the contrary, which blows from 
the scorching sands of Africa, is so extremely dry, that, 
vhen it lasts some time, the branches of the orange and 
citron-trees become dry ; the covers of books warp as 
if they had been before a large fire ; panels of doors, 
window-shutters, and furniture, crack and break. The 
effects of this wind upon the human body are not less 
remarkable ; the eyes, lips, and palate become dry and 
painful. From these facts, the Harmattan might be 
thought unhealthy ; whereas quite the contrary is ob- 
served. Its first breath cures intermittent fevers. Pa- 
tients recover their strength ; remittent and epidemic fe- 
vers also disappear, as if by enchainment. InfeclioD, 
even of small-pox, cannot be communicated. This dis- 
ease appeared in a slave-ship, and the owner determbed 
to inoculate those who had not taken it. AH wiw 
were inoculated before the wind blew took the disease ; 
tut, of seventy who were inoculated on the second day 
after it commenced, not one had the least eruption, at 
though they went through the disorder after it ceased.* 
We have already staled (chapter on Moisture), tbil| 
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bg eyaporation, a large aDiouut of heat is rendered la- 
, at the expense of the sensible caloric of the surface 
whence the evaporation proceeds. Advantage has been 
taken of this law in cooling the ventilating current, by 
exposing it to a large moist surface before introducing it 
to the apartments. We have seen no trials of this ar- 
rangement, bul, reasoning from what we know of air un- 
der such circumstances, we should doubt if its influence 
would be healthy or pleasant. We should fear that its 
amount of moisture would then be too great. A much 
better mode would he, using a system of pipes in which 
the water was kept cold by cold water, — that of a well 
of 50° would answer the purpose, — and allowing it to 
flow off slowly, while it received a steady supply. The 
same system which was used In winter for heating by 
steam or hot water could be used. The air would then 
deposit its water, and remain saturated at a lower tem- 
perature than that at which it would come in contact 
with the body. We should infer that some objections 
may have been found to the plan of cooling by evapora- 
tion, in the House of Commons, from the fact that the 
mode of cooling by cold pipes has been adopted. 

The cooling effects of humid and dry air differ wide- 
ly. The former, at an equal, or even superior temper- 
ature, produces a pecuhar chilly feeling. It is felt to 
be more penetrating, and occasions paleness and shiver- 
ing. It causes that state of things so well known by the 
invalid in New England as belonging to the east winds of 
■i^eems to diminish the heal-producm^'^^eT. 
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A cold, dry air produces a feeling of bracing cold, 
which is felt merely upon the surface, and, so far from 
diminishing the beal-producing power or inducing pala- 
ness, increases this power, while it invigorates and red- 
dens the skin. 

Undoubledly the best constiiution of the air a that 
which nature affords. During the summer months, ibe 
air has gradually increased in temperature, and appropri- 
ated from rivers and other sources that amount of vapor 
which is required. In our houses, we should iraiiato 
the same course ; and, in healing air from below 32° to 
70°, provide a sufficient supply of water, if not foi 
health, at least for the preservation of our wood-woA 
and furniture. 

From the meteorological observations made at Wast 
ington, it would appear, that, during the months of June, 
July, August, and September, the dew-point is, on so 
average, at least 1 1° below the temperature of the air, 
and sometimes more than 20° below, between the hours 
of 9 A. M. and 3 P. M. ' If we assume the air of 
Washington to contain the usual amount of vapor, we 
may conclude that the dew-point of our houses in vrin- 
ler should be near the dew-point of Washington for ibe 
same temperature. As the temperature .of the water io 
our wells is about 50°, a vessel containing it should re- 
ceive a deposit of moisture when brought into our rooms, 
if they have a temperature above 65°. It is very raK 
that any such deposit is seen in apartments heated by a 
bot-aic furnace, eves if a considerable <\iiantity of wBt«i 
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Is evaporated. As a general rule, the lower the temper* 
ature, the nearer the air should be to saturation, or, in 
other words, the higher the dew-point. "^ 

MOTION OF AIR. 

The influence of air in motion in apartments deserves 
more attention than it usually receives. When the tem- 
perature and hygrometric condition of the atmosphere 
bear a proper relation to each other, and the air is mov- 
ing gently, that feeling of comfort is experienced which 
reminds us of the free and flowing breezes of an open 



- * The following miirates are taken from the Meteorological Ob- 
seryations made at Washington, under the direction of Lieutenant 
J. M. Gilliss. They ^ve the average temperature, the average dew- 
point, and the difference between them, from 9 A. M. to 3 P. M., 
f<ff the months of June, July, August, and September, for four suc- 
cessive years. 



1838. 


AYeiagB xemper 
from 9 A.M. to 3 


July 


85.53 


August 


83.00 


Sept. 


73.51 


1839. 




June 


71.85 


July 


78.07 


August 


73.71 


Sept 


68.57 


1840. 




June 


74.08 


July 


77.80 


August 


77.37 


Sept. 


67.14 


1841. 




Jane 


80J24 


July 


80.34 




17* 



.M. to 3P.M. 


Difibrence. 


71.38 


14.15 


63.32 


19.68 


58.50 


1^.01 


60.03 


11.82 


6474 


13.33 


66.21 


7.50 


58.83 


9.74 


66.55 


7.53 


71.66 


6.14 


73.85 


3^ 


60.56 


6.58 


68.06 


12.18 


66.49 


13.85 
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country. It has been observed that persons of delicate 
lungs experience a feeling of closeness and oppression in 
small apartments, which immedialelj decreases on goiif < 

rge room, or into (he open air. It has been ap- 
prehended that this difference is not due solely to any 
greater purity of the air in these larger spaces, that it 
may take place too soon to arise from this cause, but . 
rather to a want of that salutary agitation which pro- 
motes a free dilatation of the chest. 

The influence of motion in air of a low temperatnre 
is well known- The human body is parting with its 
heat in three ways, — by radiation, by conduction, con- 
sequent upon contact of the air, and by evaporation. 
Although radiation is influenced by the air througb 
which it passes, a portion of ilie heat being lost, this loss 
is in no way increased by the nionon of the air. By 
conduction, the body loses in proportion to the num- 
ber of particles of air brought in contact with it ; be- 
sides which, air is driven through the clothing by a wind 
and displaces tliat which was 'entangled in its pores and 
had been warmed. Voyagers to the Arctic regions in- 
form us, that, while walking, they bore a temperature at 
zero, in a calm atmosphere, without inconvenience, and 
that a calm with the thermometer at — 51° was no more 
troublesome than a breeze at zero. The conductors of 
railroad cars, when the cars are m motion, are glad of 
the protection of their coats and boxes, even when the 
temperature, to those who are not in motion, seems but 
comfortable. An atmosphere st 33° which is seaiif 
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stiU majr have less cooling power than a current at 40° 
or 50°, or even any temperature below that of the body 
itself ; indeed, a velocity may be imagined of a current, 
at either of these temperatures, which shall reduce the 
body to the same degree of heat as the surrounding me- 
dium. The amount of heat lost by evaporation increas- 
es rapidly, as we have already shown (Evaporation), 
with the velocity of the moving air. A moist surface 
banging in an open window lost tliree or four times as 
much water as one hanging against a closed window. 
The reduction of temperature from this cause must also 
increase in the same proportion. 

Very different effects are produced by a current of 
cold air passing over the whole surface of the body from 
those produced by the same current passing over a small 
portion only. In the first case, the temperature may be 
merely reduced, as in the open air, without any injuri- 
ous effects. In the second, it produces febrile move- 
ments, sometimes directed lo the parts exposed to the 
draught, and at others, to remote organs ; in either 
case, often laying the foundation for serious or even fa- 
tal disease. This point should be particularly consid- 
ered in introducing air, in summer, which has been arti- 
Gcially cooled ; its diffusion should be very extensive, 
and its velocity hardly perceptible. 

Wai'm currents, on the contrary, are not only not 
complained of when of a suitable temperature, hut are 
even sought, unless their velocity is excessive. 

We see, then, thai, although we must have a move- 
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menl in the air, and, indeed, can have no vesttlaUoD 
without it, it should be so moderated that we may noi 
be aware of its existence ; and that it should alivajs be 
considered in connection with the other two importaat 
conditions, temperature and moisture. 

We have made several trials to determine the veloci- 
ty which, as a general rule, with a proper regard to oth- 
er conditions, will not be found unpleasant, and give as 
the result about two feet per second. It is evidently no 
greater than that with which we should pass through still 
air when walking with the same velocity ; although, per- 
haps, some difierence might arise in our sensations froni 
the muscular motions in walking. Any one who wH 
make the experiment of walkbg to and fro in his room, 
with a seconds-clock, will probably be surprised at the 
slowness of bis motion and the little influence it has up- 
on the flame of a candle. 

Other agents, as electricity and pressure of the ai- 
mosphere, undoubtedly have an influence upon our feel- 
mgs, and may, perhaps, require some modiGcation in 
the amount of ventilation required ; but our knowledge of 
their influence is at present so limited, that it is much 
safer to trust to the testimony of our senses than to any 
merely theoretical deductions. 

DtRBCTIon OP THE VEHTILATING CUHBENT. 

We have shown that the flow of air may, when under 
the control of an efficient moving power, lake any direc- 
tion that may be desired ; it may move from helow up- 
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ward, or the reverse, or in both directions at the same 
time. 
I The essential point in all the arrangements for sjs- 
I tematic Tentllaiioa, it should be borne in miod, is, thai 
the same air must never twice be brought within the 
sphere of respiration. When once respired, il should 
pass immediately away by a steady and sufficient move- 
I meat. This, we observe, constantly takes place in the 
' open air, where, in this country, the atmosphere is not 
warmer than the breath. The expired air, rendered 
lighter by its heat and contained vapor, immediately 
rises, and before a second inspiration commences, is be* 
yond its reach. Air which has passed the body, espe- 
cially when in a crowd, is also raised in temperature, 
and has the same upward tendency. Vitiated air, then, 
tends to accumulate at the ceiling. 

These facts point to the upward movement as that 
which is most natural and most easily produced. It 
may take place, in cool weather, to a considerable ex- 
tent, without any additional moving power, and, in some 
instances, if the ascending cohimn is sufficiendy long, 
may be all that is necessary. It requires, in most cases, 
but few openings in the ceihng, through which the vitiat- 
ed air may escape, if the diffusion at the floor be suf- 
ficient. 

There is no impossibility, however, of producing a 

constant and equable downward movement, which shall 

also efieclually prevent all respired air from being again 

I presented to the organs of respiration. The first move- 
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ment of expired air is, from the moulli, horizontally. 
from the nostrils, downward, before il begins to riW) 
consequeolly, a downward current may, without much 
difficulty, be brought to bear upon and remove it. 

The ceiling is unoccupied, and its whole esteot nd]r 
be used for the admission of air, which may reach tbt 
lungs unconlaminated by dust or contact with the body' 
This is tlie raovement which constantly arises in room! 
heated by means of fireplaces, and by hot-air furnaces,if 
the chimneys are allowed to remain open, as they should 
be. The current from hot-air furnaces rises immediate- 
ly to the ceiling, and a part escapes by the crevices 
around the tops of the doors and windows, while the re- 
mainder gradually cools and descends towards the out* 
let, if it is left where we have supposed, and comes 
within the sphere of respiration. This mode of venlJ- 
lation, as thus applied, is, however, imperfect, since il 
violates the rule which must be considered as essentul 
in every good system, that air which has been once re- 
spired should not be again presented to the lungs. The 
respired air, which at first rises and mixes wltli the fresh 
air ascending from the furnace, descends with this air, 
and is again breathed, but in a diluted state. This kind 
of downward movement is generally the only practicable 
mode of ventilating, and at the same time of warmbg, 
private houses. 

There are, nevertheless, objections to the downward 
movement, which have thus far prevented its adoption, 
to any extent, in public buildings. Il requires that tbe 
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ngs for the escape of ihe air should be nearly as 
■ous and diffused as those for its admission in the 
If they are few in number, those near them 
seriously incommoded, while ihose at a litUe dis- 
may be suffering for want of air. In the upward 
<n, the entering air, if it is admitted with a proper 
ty, preserves a course nearly perpendicular to the 
until it has passed quite above the heads of those 
ing or sitting upon it, and then begins to be drawn 
ler to enter the ventilators in the ceiling. The 
must be constant, for the downward 
ment ; if it fails, all motion ceases at once. The 
also, must be provided with air entirely separate 
:hat which supphes llie room, and the products of 
ustion must be completely removed, 
these considerations, and the results of esperi- 
we are led to beheve that the movement which 
le found most satisfactory is that from below up- 
. The exceptions to this rule, which arise from 
peculiarities in the construction of the building or 
purposes to which it is applied, will be mentioned 
following chapters'. 
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OF THE VENTILATION OF FUBUC BUILDINGS. 

Rie Arrangements once made are permanent, and attended wiUitnt 1 
Utile annual Eipenee. — Should be determined upon before tlu I 
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primarily conalructed with Reference to it. — Britigh Honi 
Commons. — Dr. DesBguliers's Flan for its VeiitilBlion, - 
Humphrey Davy's — Morqaia of Cbabaunea', — Dr. Reid'a 
for temporary House of Commons. — New Houaea of ParliBB 
— Ventilation of the French Chamber of Peers. 



The great question upon which rentilaiing arrange- 
ments usually turn is that of expense. Unqt 
bly, the alfuJrs of gavernment should be administered 
with a proper regard to economy, but certainly it is no 
proof of a man's economy that he deprives himself of 
that which his health and comfort demand. We believe 
it to be the duty of State legislatures to go to any rea- 
sonable expense in ventilating their balls. Many of 
those assembled in them are farmers and mechanics, all 
of ibe former, and many of the lalier, accustomed lo 
living and working in tlie open air ; they feel the influ- 
ence of a close and confined atmosphere sooner thin 
those residing in cities or pursuing sedentary occuiA* 
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More sickness occurs among members of the 
i from ihe country, during and soon after tbe 
BOD, than can be faiily accounted for by changes of 
bil and mode of living, and we cannot doubt it ia in 
8 great measure due to the impure air to which they are 
Constantly exposed. It is a duty tbey owe lo them- 
selves and the public they represent, thai both mind and 
h)dj should be healthy and active. 

The same is true of courts. Jurors are drawn from 
all classes ; the same susceptibility exists, and is even 
increased, by the anxiety every conscientious man must 
feel in discharging, under trying circumstances, his duty 
to his fellow- citizens. If judges and lawyers, from hab- 
it, have become in a degree accustomed to a low stand- 
ard of air, it is more than counterbalanced by their more 
constant exposure. 

During some important trials, the crowd, both within 
the bar and in the space usually occupied by spectators, 
is very great, and demands a corresponding free flow of 
air. But in this country few rooms are so badly venti- 
lated as court-rooms ; indeed, most of them have no 
outlet whatever for foul air, other than that aflbrded by 
doors and windows. The air becomes heavy and op- 
pressive, and extends its influence over all, — more, 
perhaps, over tbe judges, whose elevated position makes 
them sooner feel the effect of these poisonous emana- 
tions. We shall not attempt to point out the bearing 
which such a slate of the atmosphere may have upon 
the administration of justice ; il is too oWious- 
18 
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After ibe arrangemenls for reotilatioii are once made, 
ibe coostaDt aanual expense is by no means great io 
proportioD Io the advantage obtained. If a chimney is 
used as a moving power, the only expense, beyond ibat 
required for warming the greater quantity of air, is die 
cost of fuel ; if a fan, the care and fuel of the engine 
which drives it ; and if a sufficiently high chimney cas 
be erected, for by far (he greater part of the time no sd- 
dttional expense for fuel will be incurred, the waste beil 
from the various Greplaces and the warming apparatus 
being sufGcienl. 

In public buildings it is more important than in any 
others that the plan for warming and ventilating should be 
determined upon before the construction is commenced, 
quite as mucb so as that for lighting and entrances. 

Architects seem entirely to forget that any such ar- 
rangements, beyond an ordinary fireplace, are required- 
It is but a short time since an advertisement appeared 
for proposals for warming and ventilating the new cus- 
tom-house in Boston, not only after the plans were 
adopted, but after the building was completed. Any 
plan which can be devised for such a building, and 
which can be introduced without very considenbls 
expense, must be far from satisfactory in its operattcML 
The architect should design and build not only with re- 
gard to beauty and convenience, but to health and cora- 
forl also ; this he cannot do, unless he possesses a clear 
conception, from the beginning, of the means by which 
these several objects are to be accomplisbed. 



w 
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In rooms like those uoder consideration, coasiructed 
for accommodating a large number of persons, the ven- 
tilating arrangements should be ample, and fully equal to 
ihe largest number the room will contain. Other build- 
ings may require a more constant renewal of the air, but 
none require so great an amount. In churches, where 
the congregation is not excessive, and remains but little 
over an hour, the air they contain may be considered as 
a magazine to he drawn upon for a time ; but this should 
never he taken into consideration in aparlmenls constant- 
ly used ; its amount is too small lo be of importance. 

In constructing the building, a sufficient space should 
be reserved for the healing apparatus in the cellar, and a 
room for mixing and tempering the air. From this 
room the air may be admitted, with proper distribution, 
directly into the apartment to be ventilated, if h is up- 
on the 6rst floor ; if it is not, flues must be provided. 
If the walls of the building are of brick or stone, the 
flues may he carried up in them, and, if the thickness 
will allow, be vaulted, or surrounded by an air-space, 
especially if in an outer ivali ; the flue itself being built 
of brick, well plastered with lime or cement. As many 
of these flues are to be carried up together as can be 
done consistently with a convenient dislrlbution of the 
air ; an arrangement which will be found to diminish the 
loss of heat and moving power. If they are to he car- 
ried up in the inner walls or partitions, they may be 
made of wood, and take up the whole thickness of the 
wall ; in some cases, space has been secured in the 
comers of buildings for this purpose. 
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To facilitate the distribution of air, the supply for liie 
body of the room, the gallery, and the speaker's chtir, 
should be kept distinct and controlled by separate valves, 
for the greater convenience of regulating both quaoiiiy 
and temperature. 

With regard to the safety of wooden air-trunks, ills 
unnecessary to observe that the air is supposed to be 
heated by an apparatus which does not exceed in tsa- 
perature that of boiling water ; consequently the aircw 
not attain even tliis point. 

In all well constructed rooms of the kind we are con- 
sidering, the seats rise as they recede from the chair of 
the presiding officer, leaving ample space between then 
aid the floor beneath for difiusion of the air ; Irom iIks 
space it should be admitted into the room ilirongh boles 
bored in the risers of all the steps, and beneath lie 
seats. The air will not then be injured by dust, as whw 
nsing through the floor, and its oblique direction as u 
escapes will contribute more perfectly to its distnbulioii' 

Tiie exit of the air must be in the celling, A raised 
centre-piece, and, if necessary, raised rosettes surround- 
ing the centre-piece, will afford all the space that can be 
wanted, unless the room presents some peculiar difficul- 
ties, without in the least disfiguring the ceiling. Where 
certain parts are required to have a greater amount of air, 
panelled ceiling will he a good mode ; any panel may 
dien be raised, and a stronger current produced from 
yiose places nearest it. From the ceiling a sufficient 
may be carried directly upward, especially if the 
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uilding is to be surmotinted by a dome, and open iolo 
He air through the lantern. If no such exit can be ob- 
ained, or if the moving power is to be a chiraney-shaft 
ipon the ground, the vitialed air may be conveyed by a 
Uunk, which in some cases may be used as a stair-case 
for the servants about the building ; care being taken, of 
course, to see that the doors can be kept closed, by 
springs or otherwise, without depending upon those who 
pass through them. 

The galleries should be supplied with air from trunks 
in the walls, leading from the air-chamber below, and 
never depend upon that escaping from the body of the 
room. The air should here, also, enter from the risers 
of the various steps. As abundance of air is to be sup- 
plied, the windows must be kept closed in all cases, and 
m winter be made double, to prevent descending cur- 
Knis, The doors must also be kept closed as much as 
possible, or made double, that one may shut before the 
other opens. Entrance of air by any other channels than 
those provided will in a short time derange every thing. 

Committee- rooms can be connected by a tube with 
the main flue, and the other veulilating arrangements 
Biodified to suit the circumstances of each apartment. 
In the public offices connected with legislatures in 
itate-houses, it is probable, in most cases, separate 
fires will be used, having the air which is admitted lo 
supply the fire and for ventilation only moderately 
warmed. 
-A special moviag power must in aU caL&es Nie v^^~ 
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viii^t ^d ii m^ be eitber a chiraney-sliaft or a fa 
Hm o^hm W um coBstuitly borne in mind. Il 
haoi «ir trituwoi lo sei it forth distincdj ; do effect- 
mi spaem of vooilaiiDn ctD be maintained without it- 
haaM hesao^ csau^ to couoteract all currents and 
dl^ dmngcntoB, Md so contrived ihai it can be 
iftNwaafforaa wbea Kquired, like the drivlDg-beliofa 
yiaee of aBcfeMeiy. We htve akeady coosideied and 
cai|atcd tbese nn> nmdes. In these buildings poivei 
ia aHMi «Af ■ pMl of ibe tiioe. and no diScuIiy would 
MM Ii dririiig « fvi by a single steam-engine, especial- 
^ V provided whb ■ di^lkaie boiler. Sufficient time 
•Ml tlvkjj be ioiad ID m«ke any repairs which may 
W i«fMcd. The cn^ne, to work economicaUy, mun 
be of peaur power tbtn is aciuaJly required lo do ibR. 
woifc ; Ibss wew and tear of the eogioe b experieoMfl 
laderaadt cocuusiances, and less liabilily to accido* 
«f all kinds. If tbe beating ap{>aratus is u> be worked 
by stcua* it b ob? mnu tbai the whole value of the fuel 
1 hy directing the waste steam of the ea- 



■ ban supposed, fireplaces are in be used ia 
muy of tbe saMiler rooms, and if they are to be mod- 
antaly mrawd by healed ur, a Ian nill be requited to 
propel it. SepMvie exit flues may then be used wbet- 
•Tar it is desired, and the fan may be placed at tbe com* 
I of the system, near tJie beating apparatus- 
Fbo niovenieiit of the air will be independent of any es- 
( power in ibe various ciuowey-^tMs ; coBsequaat- 
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iy there will be no tendency to smoke ; a condition which 
BBnDot be obtained with a c hi ma ey -shaft, unless all the 
Sues are connected with it. 

Care must be taken, in selecting a place for ihe adnsis- 
sion of air, that it be free from dust, from the effluvia of 
drains, and from smoke. It should be taken, if possi- 
ble, at a considerable height from the ground, not only 
that many impurities may thus be escaped, but that ad- 
Tantage may be taken of the wind as a propelling pow- 
er. In tempering the air, great advantage will be de- 
rived from baving an air-channel which may connect the 
cold and hot-air portions, without passing through the 
heating apparatus. If a fan is used, it is obvious that 
adnailiing the cold air into the hot-air channel, just be- 
fore it enters the fan, will insure a more equable mixing 
than can be otherwise obtained, and without requiring 
the large space above mentioned. 

Ie all cases care should be taken that the flues are 
made sufficiently large, (hat the air may pass with as lit- 
tle resistance as possible. We must repeat, however, 
thai in a cold climate, like that of New England, a very 
slow movement wlH be accompanied with such a loss of 
heat, that it would more than counterbalance ihe saving 
in the moving power. 

In court-rooms, modifications of the foregoing plan are 
required. The same moving power may be used, and 
the flues, both for the admission of the cold air and for 
its outlet externally, may be similar, but usually the 
' saiae amount of diSiision cannot be obtained. 
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Flues may be carried up in the walls, either boeror 
outer, if the court-room, as is usual, is on the second 
floor ; from these, air can readily be admitted (hroi^ 
the risers of the platforin for the bench, and through the 
front of the plaiform for the clerks. For the bar, the 
space beneath the semicircular tables may be raised, and 
air admitted through its riser. 

To the galleries flues must also be carried, and a spe- 
cial opening in the ceiling for establishing a sufficiently 
strong current in that direction. For the jurors' seals 
and for other parts of the room, advantage must be 
taken of the steps upon which they are usually placed, 
and of the base or skirting-board, both of which will af- 
ford a tolerable amount of surface. 

Where the warmed air is allowed to flow in beneath 
the floor, the precaution must be taken that every thing 
is made tight, or that proper channels are provided lead- 
ing to the different points above enumerated. If this is 
omitted, air will probably be drawn from other parts of 
the^ building, and may even produce an atmosphere near- 
ly as bad as that it is intended to replace. 

Unfortunately, it is rare that we have to do with build- 
ings in the process of erection, with the plans of which 
our designs may be interwoven. Where an old build- 
ing is to be ventilated, the complications are unhmited. 
In some cases, walls are to be cut up for the admission 
of flues, and atr-channels laid between floors ; while ia 
others, we may avail ourselves of existing structures, 
and convert them into efficient aids. 
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I Not unfrequently large public buildings are surmouot- 
»d by a dome and laniem. If, as is usually the case, a 
kpiral staircase leads from the floor of the dome to the 
lantern, the sides of the staircase may he boarded up 
Bnd fitted with suitable glazed windows at convenient 
points for lighting it. The foul-air trunk may be laid to 
Ae bottom of the staircase, and the air ascend by it to 
die lantern, through which it may escape into the open 
Itmosphere. An apparatus could be placed within the 
hntern, turned by the wind acting upon a vane over 
ils centre, which would effectually prevent the entrance 
of wind and rain, and in no way injure the appearance 
of the building externally. 

In introducing a flue, we may often cut into the wall 
a part of its thickness, leaving the remainder to project, 
and assume, by means of simple mouldings, the form 
of a pilaster ; they can be arranged symmeiricaily, and, 
far from being offensive to the eye, may be made even 
ornamental. In some cases, the walls may be furred 
off sufficiently to afford space for flues. 

It is not to be supposed that any plan can be devised 
by which every building can be properly ventilated, 
whether primarily arranged for it or not. Generally we 
can obtain control over the attic sufficiently to place in 
it an air-trunk, fitted with a valve, into which all the 
flues may enter, and communicate with the external air. 
Where there is a cupola or dome and lantern, a coal- 
More placed at the bottom of the upright air-trunk, 
»perl}r secured against fire, will produce a draught va- 
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lying with the amount of fuel consumed and the heig|it 
of the trunk. Very little difficulty can usually be expe- 
rienced in getting a sufficiently large entrance for cold 
air. We can also obtain space for air-flues, either eo* 
tirely or partly in the walls, as we have just mentioned, 
through which, by means of a perforated base, or throng 
aisles and other vacant spaces, fresh air may enter the 
apartment. By such means we can procure a reasoni- 
ble amount of ventilation ; not enough to put it upon the 
best footing, but enough to prevent most of the injurjoui 
effects we have pointed out. 

The English House of Conunons will afford an eX' 
ample of the application of systematic ventilation to i 
room not originally constructed with regard to any such 
arrangements. This apartment was occupied by the 
Lords, previously to the fire, October 16, 1834, which 
consumed Westminster Hall and the Houses of Par- 
liament. 

The Commons made attempts, from time to time, to 
improve the air of the House by various contrivances ; 
the first which seems to have produced any decided ef- 
fect was the fireplace erected in the attic, by Dr. Des- 
aguliers, in 1723. He found in each corner of the 
House a hole, which was the bottom of a truncated py^ 
amid, six or eight feet in height, placed upon the floor of 
the room above, by Sir Christopher Wren, through 
which the vitiated air might escape. These were not 
found to effect the intended object ; as soon as the cov- 
ers of the pyramids were removed, the cold air from 
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jibove descended upon the heads of those in the House 
Aelow. To obviate this, Dr. Desaguliers " caused 
Iwo closets to be built at each end of the room above 
the House of Commons, between two of the pyramids 

«bove mentioned, and led a trunk from these to the 
square cavities of iron placed around a fire-grate fixed in 
itbe closets ; as soon as a fire was lighted in lliose grates, 
■bout twelve o'clock at noon, the air came up from the 
Bouse of Commons through those heated cavities into 
!the closets, and so went away up their chimneys."* 

But this plan, however well contrived, was destined 
j to fail. The Doctor had forgotten to obtain the appro- 
jbation, or greatly underrated the influence, of no less a 
personage than Mrs. Smiih, the housekeeper. Mrs. 
Smith had possession of tlie rooms which had heen thus 
ippropriated, and, " not liking to be disturbed, did 
what she could to defeat the operation of these machines, 
which she at last compassed by not having the fire light- 
ed till the House had sat some time, and was very hot ; 
for then the air in the closets, that had not been heated, 
went down into the House to an air rarer and less resist- 
ing, whereby the House became hotter instead of being 
cooled." 

In 1736, Dr. Desaguliers introduced another appara- 
tus for removing the impure air, which he termed a cen- 
trifugal or blowing wheel, and a man to turn it, whom he 
called a ventilator. This wheel, or fan, was seven feet 

L^ ^ DaafgaJietK'gExpeniaeatal ebiloaafhj,'W(A.\\..,^.Wi. 
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in diameter and one foot thick, and had twelve TaDes ; it 
was surrounded by a concentric case, within which the 
vanes with their side-pieces revolved ; the openiog it 
the centre was upon one side only, and eighteen incba 
in diameter. Until 1820, this fan was constantly uwdi 
and answered the purpose for which it was intended ; it 
that time it was superseded by the arrangements of the 
Marquis of Chabannes, who had previously been occu- 
pied in warming and ventilating Covent Garden thea- 
tre.^ He constructed a large air-trunk over the bodj 
of the House, twenty feet in height, into which several 
branches, communicating with different parts of the ceil- 
mg, were led, and rarefaction induced in the main trunk 
by means of sixteen steam-cylinders. Th^ foul air es- 
caped from the main trunk through a cowl four feet la 
diameter. 

The House was warmed by steam-cylinders, placed 
under the seats. These cylinders, which were twelve 
in number, were sixteen inches in diameter, and con- 
tained each thirty pipes of two inches in diameter. To 
these the external air was brought by a trunk branching 
to each, and was heated by its passage through them be- 
fore being admitted into the House. This system, after 
a few years, was removed to give place to others. 

The House of Lords was, for many years, warmed 
by two brick flues beneath the floor, communicating with 



For a full account, with plates of his apparatus, see the Jounitl 

"'ience and the Arts, edited at the Royal Institution, Vol. V.| 
n. 
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two furnaces, the smoke from which passed through 
Idiem on its way to the chimney. For the ventilation 
ao provbion appears to have been made. Sir Humphry 
'I>av7 was requested to furnish a plan by which this ob- 
ject could be obtained, and in answer to thb request the 
following letter was sent to the Earl of Liverpool. 

•* 21 Albemarle-Street, 7th Sept, 1811. 

** Mt Lord : — 

^^ I am informed by a person attached to the House 
of Lords, that it is your Lordship's wish that I should 
give some more minute information respecting the plan 
which I submitted to the Lords Commissioners for con- 
sidering the ventilation of the Upper House, in Februa- 
ry, 1810. 

^^ As no part of that plan has been as yet carried in- 
to execution. It will not be necessary for me again to 
speak of the general principle proposed to be adopted. 
I shall merely refer to the means which appear to me 
most proper for carrying it into execution. 

^^ To convey fresh air into the House, I propose flues 
of single brick, connected with the flues for sending hot 
air through the vaults under the floor ; and I propose that 
this fresh air should be admitted by numerous apertures 
in the floor of the House, and supplied to the flues 
by pipes of copper or plate-iron from the free atmos- 
phere. 

^^ The air in this case will be always fresh, and by 
regulating the fire may be more or less heated, accord- 
ing as the temperature of the room is low or high. 

19 
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' To carry off ihe foul air, I propose two chimneys 

or tubes, made of copper, placed above the pentiJaiors, 

I Rod connected with wrought-iroa tubes, which can 1m 

L lieaied by a small Gre, if a great draught is necessary, as 

D cases when the House is full. 

" Should this plan be adopted, there would be do ne- 
cessity for opening windows ; the foul air would be ca^ 
ited off from above ; warm air or cold air, whicbe?er 
13 necessary, may he supplied from below ; and ihere 
would not be, as now, any slagnauon of air. 

" I shall subjoin a sketch which may be useful to the 
persons who may carry the plan into execution. I haw 
already, 1 beheve, made Mr. Davis, Mr. Groves' clerk, 
understand it, and I shall be happy to give any other as- 
sistance in my power during my short slay in town. 
" I have the honor to be, &c. 

Humphry Davt." 

The flues above referred to were horizonial, and ran 
along beneath the floor of the House of Lords ; tliey 
were fourteen inches wide and eighteen inches deep, 
and nearly one hundred feet in length. A sketch of the 
plan mentioned in the foregoing letter is given ; it con- 
sisted of a tube of copper one foot in diameter placed 
over the ventilator, and connected with an iron tube of 
the same diameter, which passed through a fireplace ; tb* 
remainder of the tube was of copper, and opened inW 
the external air. The fireplace was in a fire-proof 
room ia the attic. 
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*X*his plan was not found so effectual as was desired, 
in 1813 a committee was appointed to inquire into 

defects. Mr. Lee, who made a report on the sub- 

'^s attributed the inconveniences to its small size. 

^ I have found," says he, " on a very crowded night 
^ Wbess, that it was impossible, by means of the 
"^Bent ventilators, to draw off the heated air ; the ther- 
^^Haeter in the House has been up, on such occasions, 
^ eighty degrees, and the windows were consequently 
^Uiged to be opened, otherwise it would have risen still 
'^^i^r ; therefore he considered the ventilation pipe, 
^iiich is only one foot in diameter, as quite inadequate 
lo draw off the heated air from such a large room." 
^e also ascertained, by putting his head over the venti- 
lation-pipe, that sometimes, even when a fire was light- 
ed, air passed down the pipe into the House ; while at 
other times a strong current ascended through them, 
without the aid of fire. The great length of the flues 
allowed the unconsumed coal and its gaseous products 
to be deposited in or escape from them into the House. 

Like all long horizontal flues, these were subject to 
cracking from heat, and finally, in 1834, while a large 
quantity of "tallies" and *' foils " (about two cart- 
loads) were burning, by which a great fire was kept up 
for ten hours in succession, they became so hot that the^ 
wood-work near them took fire, and the two Houses of 
Parliament were destroyed. 

The present temporary House of Commons is that 
part of the building formerly occupied by the Lords. 
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It was warmed by large flat tablets filled with hot water, 
placed ID a room under the House, and occupyiog a 
space about four feet in height by nine feet squire. 
After the air had been sufficiently warmed by contiet 
with these tablets, it passed into the room above through 
seventy-eight apertures arranged along the middle of the 
floor. The dimensions of this room are eighty feet in 
length by forty in width, and thirty in height. 

The opening for the escape of the vitiated air was io 
the ceiling, communicating with the external air ; and 
the ascensional power was determined by a cylinder 
heated by steam, through which it passed. 

These were the arrangements for warming and venti- 
lating the House of Commons in 1835, when the Select 
Committee was appointed to consider the best mode of 
ventilating and warming the new Houses of Parliament. 
The investigations of this committee resulted in a rec- 
ommendation that some, if not all, of the alterations sug- 
gested by Dr. Reid should be submitted to the test of 
experiment during the ensuing recess of parliament.* 

During the autumn of 1836, these alterations were 
made ; they were as follows : — 

1. The area of the discharge was increased to fifty 
feet. 

2. A chimney, which we have before described, 110 
feet in height, was connected with this discharge by 

* Report from the Select Committee on tlie Ventilation of the 
Houses of Parliament; with the Minutes of Evidence. Ordered^hfj 
^e House of Commons, to be printedy 2 September, 1835. 
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means of a flue passing from the ceiling down to the 
ground. In ihe House of Lords it has since been 
found necessary to use machinery for the propulsion of 
the air, when that hall is much crowded, to aid the ac- 
tion of this chimney. 

3. The area for the ingress was also increased, and 
the movement of the air from its entrance to its exit 
regulated as in a pneumatic machine ; the House, in this 
respect, being treated as a piece of apparatus. 

4. The descent of cold currents upon the head was 
entirely slopped by an interior glass ceiling. This ceil- 
ing also had the effect of improving the House as re- 
gards the transmission of sound, by lessening its capaci- 
ty, but still more by giving it a form better adapted to 
the attainment of this particular object. 

5. The healing apparatus was augmented, and placed 
in a chamber ivhere it could afford, at a moment's no- 
tice, any amount of warm air that might be required. 

6. Mixing-chambers were provided, so as to allow 
the warm air to be mingled with any portion of cold air. 

7. An equalizing-chamber was formed below the 
floor, thai the local currents, otherwise apt to form un- 
equal eddies, might be broken, and terminate in a uni- 
form supply to every part of the floor. The galleries 
were supplied with fresh air by a separate channel, ren- 
dering them entirely independent of that ascending from 
the body of the House. 

8. The most extreme and universal difiiision was 
^en in ihe Soor by piercing nearly & miWioa Q^ a.'^e^- 



J22 VEBTILATION OP THE HOU6E OF COMMONS. 

tures, and breaking ihe force of ibe air passing through 
them by a porous and elastic hair-cloth carpet. 

9. Arrangements were made in the lobbies, by tlie 
altemaie disposiiioa of mats and Russian scrapers on 
the floor of the lobby, to secure the greatest possible ei- 
clusioD of every source of impurity that could affect the 
lur. These precautions to preserve the air pure veit 
extended to the exterior of the building. An ofiensivc 
drain, in what is called the Old Palace-yard, was coo- 
necied with the chimney above mentioned, and a down- 
ward draught estabhshed through all its openings. A 
veil was suspended at a point by which all the lii 
must pass, forty-two feet long by eighteen feet six inch- 
es deep, for the purpose of excluding visible sool. 
It was upon this veil that, on some evenings, 300,000 
portions of visible soot were found to have been de- 
posited! 

Lest these precautions should not be found sufGciesi, 
a washing apparatus was established In the vault known 
as Guy Fawkes's vault, in which the air is drawn through 
a shower of water issuing from numerous holes in the 
sides of pipes arranged along the floor. Any mechan- 
ical impurities which may have passed the veil are de- 
tained by the drops of water with which the space is 
consiaotly fllled from the dashing of the fountains upon 
the walls. After this, it is still made to pass through I 
second or third gauze veil. Besides retaining the impu- 
rities, this arrangement has the advantage of both cool- 
ing and moistening the air. By an arrangement speoji^ 
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\y adapied to moistening the air, seventy gallons of wa- 
"ter were evaporated at a single sitting. 

Besides the heating of (he air, arrangemeais are made 
in summer for cooling it, by filling with cold water ihe 
same tablets that are used in winter for warming. The 
cooling has been carried still farther, by means of bags 
of ice, suspended in such a way that the air will be 
drawn through them on its way to the House. Advan- 
tage is likewise taken of the cool night-air, which is 
drawn through the hall after the members have retired. 

The quantity of air allowed lo pass through the 
House of Commons is placed under the control of a 
jingle valve, by which the movement of the air can be 
arrested, or increased to the greatest amount, at a mo- 
ment's notice. This valve is ten feel long by six feet 
wide, giving an area of sixty square feet. When the 
fire is burning well and the valve is open but two feet, 
the current is so strong that it would be difficult for a 
man in the air-flue to sland against it.* 

The House is heated to 62^ before it is opened, and 
maintained generally at a temperature varying between 
63^ and 70°, according to the velocity of the air pass- 
ing through the House. Thermometers are suspended 
in the House, one in the north gallery, another in the 
east, and a diird Is placed behind the speaker's chair, at- 
tached to a cord by which it can be drawn down, through 
a tube provided for the purpose, lo the attendants in (he 

' Separt oa Lighliag t2te Uoiue, 1d39, 9, U. 
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nulls below, noted, and immediately returned to iis 
place, nilhoiu disturbance or inconvenience. 

The velocity is regulated by ihe numbers crowded 
npoD a given ?pace, tbe temperature of the air in wam 
weather, and tbe moisture it may contain. £xperi»Ke 
has shown that some persons are more influenced by an 
excess or deficiency of moisture than by changes of 
I«nperature. In very warm weather, although Ihe wsiis 
■nay be at a high temperature and tbe air at 75°, still, 
by increasing its velocity, it may be made to feel cool 
and pleasant. 

In determining the degree of temperature at wbicli 
the House shall be kept, members communicate ibeir 
wishes to the sergeant-at-arnis, who, as soon as he as- 
certains what is the general desire, issues tbe requisite 
order. Tbis rule was found necessary, from tie fact 
that the wants of different individuals are very different 
in this respect, and that it is the most ultra who are most 
likely to complain. When die House of Commons firel 
met after the ventilating arrangements were made, one 
member exclaimed, as be hurried to the door, " Tbe 
temperature is rising, we shall be suffocated immediate- 
ly "; and in a moment or two was followed by a second, 
who said, " I am shivering with cold, I can bear ibis 
house no longer." But, besides this difference between 
different individuals, the same individual is found to vary 
in his demands during the same evening. In some 
cases, when the debates have been long, the weather and 
hfbe iiufflber of raembeca ^Kduauagi fifty or a hundred 
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variations in the quantity or quality of the air have beea 
joade with advantage Jn the same evening. 

The changes in tlie various circumstances in and out 
of the House are so frequenl and so extensive, that the 
attendants must be constantly upon the watch to detect 
them ; indeed, it is said ihat the same attention is re- 
I quired to give a good atmosphere, as is required of 
*' the sailor in steering a ship." The speaker and the 

isergeanl-at-arms are each supplied with an atmosphere 
placed under special control. This has been found 
greatly to simplify the management of the general at- 
mosphere. 

The following general rules have been adopted : an 
increased temperature and diminished velocity before 
the dinner-hour ; after dinner, other circumstances being 
the same, a diminished temperature, increased velocity, 
and reduced amount of moisture ; during late debates, 
I as they advance to two, three, four, and five in the 
morning, the temperature is gradually increased as the 
constitution becomes more exhausted, except when the 
excitement is extreme, and the amount of air diminished, 
especially if no moisture is required. The highest sup- 
ply is required in autumn, when the air is warm and 
moist, the wind light, the barometer low, and the ground 
damp. Fifty thousand cubic feet per minute are scarce- 
ly sufficient then to sustain comfort in a crowded house. 
By the constant movement of the atmosphere, pro- 
moting a constant and equal evaporation from the lungs 
Vi4 the surface of ihe body, and by tbe piolecuou o^ ^^ 
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members from aU cold and offensive currents, it is bui 
that the amount of coughing is greatly diminished, cot* 
pared with that observed before these arrangemesli 
were introduced. 

The best evidence which can be offered of the suc- 
cess of this system, in practice, so far at least as tempch 
ature is concerned, under considerable fluctuation of ex- 
ternal temperature and number of members, will be fouol 
in the following table, which is extracted from those kefl 
regularly by the attendants at the House of CommoDS. 

" Return of the State of the Three Thermometers^ FA 
ruary 5 and 6, and June 12, 1839, placed in i 
House of Commons in the East and West Side-Gd 
leriesj and behind the Speaker^s Chair, 



Date. 


Hour. 


East. 


Chair. 


West. 


Opening of the 
Ventilating Shutter. 


Number of 
Persons pweol 


1839. 






ft. in. 




February 5 


2 


61i Cli 


61 


1 


100 




3 


61^ 6\h 


61 


1 


150 




4 


ml 61 


61 


1 3 


120 




5 


G2i 62 


624 


1 6 


370 




6 


64 1 64 


64 


1 6 


530 




7 


64i 64 


644 


1 9 


080 




8 


64^' 64^ 


644 


2 


550 




9 


65 


65 


65 


2 


680 




10 


66 


66 


66 


2 


680 




11 


m 


66 


66 


2 6 


700 




12 


65 


66 


654 


2 


600 


February C 


4 


60 


59i 


594 


1 


lUO 




5 


63 


62 


62 


1 6 


250 




6 


03 


63 


63 


2 


350 




7 


62i 63 


624 


1 6 


220 




n 


62 


62i 


62 


1 


100 


June 12 


3 


66 


64^ 


664 


5 


60 




4 


67 


65 


68 


5 


80 




5 


68 


66i 


69 


5 6 


180 




6 


69 


67 


70 


5 6 


220 




7 


68i 


67 


694 


5 6 


120 




8 


68^! 67i 


69 


2 


100 


...^ 


9 


69 


674 


69 


5 6 


80 



June 12th, tber. in shade 77° j Feb. 5th, 3 P. M , 45°, — lowest 
^« night, 38° ; Feb. 6th, 42°,— loNveat, 40°, 
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The beating apparatus, the mild hot- water apparatus 
ow used for the House of Commons, has never given 
be slightest trouble, acting constantly and regularly for 
We years, and requiring no repairs. 

The arrangements for warming and ventilating the 
Souses of Parliament will be understood from an exam- 
oation of the following diagrams. 

Fig. 41 is a plan of the heating apparatus and the 
ower air-chamber. C C C is the receiving-chamber, 
Qto which the air first enters, before receiving the de- 
ired modification. The cooling apparatus, when re- 
[uired, is placed b C C C, or in the cold-air passage, A. 
r T is the air-chamber, into which warm air enters from 
he heating apparatus, d d e^ in 3 ; the doors a a being 
ihut, while those at J J are open. From T T the hot 
lir rises to the equalizing-chamber above. 

In this arrangement all the air passes through the 
beating apparatus. By closing the doors b by and open- 
ing those marked a a, no air passes through the heating 
Apparatus ; the air then enters the chamber T T through 
the cold-air passage, A. 

If a part only of the air is to be heated, the door on 
either side of B may be closed, those at c c opened, 
tnd one of those at a a. Air then enters A partly 
through the heating apparatus and partly by a, and these 
two currents, meeting at right-angles in A, are thorough- 
ly mixed before entering T T. 

Fig. 42 represents the air as it advances from T T 
into the equaliziDg-cbamber beneath the &00I) a(x<&t s\f^« 
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iog upon and being spread out literally b; the dispeners 
L LL, &c. From ibb chamber it rises slowly and nii- 
Fie. 41. 




formly through the apertures in the floor, gradually es- 
caping through the hut-cWib, H H H., %lic. ^ ^TOt& ^tucb 
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Tig. 43. 
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It 



;ends through the body of the House ti 
30 
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« 

tor, M M M, and descends by the air-trunk, N, to the 
ventilating chimney. ^^ The rapidity of the movemeDt 
is regulated by the valve, X, which can be opened en- 
tirely, in a crowded house, or closed to any extent, ac- 
cording to the number of members present. The aper- 
tures in this upper ventilating-tube increase in number as 
they recede from the ventilating shaft, a proportioDally 
greater area being required to draw the air from ibe 
House in an equal stream. It will be noticed that there 
are air-chambers, also, below the floor of the galleries, 
communicating freely with the equalizing-chamber, so 
that there fresh air is supplied through the perforated 
floor and porous hair-cloth, H H H, in the same man- 
ner as in the body of the House. By bringing down 
the air from the ceiling to the ground through the de- 
scending tube, N, it is not necessary to elevate the shaft 
so high in the air as would have been required had it 
been placed on the roof, while the comparative safety of 
the foundations is also advantageous. But in buildings 
constructed originally with a view for ventilation it is 
desirable to have no descent of warm air." 

Fig. 43 is a transverse section of the preceding 6g- 
ure. The air rises from the lower chamber, in the di- 
rection of the arrows, is dispersed by striking the boards 
on entering the equalizing-chamber, from which it flows 
upward to the air-trunk, represented in the section at the 
top ; on either side are seen the passages near the walls 
for conducting air to the galleries. 

The air enters freely through the whole extent of every I 
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riser on the floor of the House of Commons, and is equal- 
ised by the very porous hair-cloth hanging before them. 
Air is also diffused, and to a still greater extent, by the 

Fig. 43. 




perforations in the floor, the hair-cloth then producing a 
similar effect, atid multiplying indeGnitely its diffusion. 

Fig. 44 '^ illustrates the movement of the air through 
the porous and elastic carpet ; nine tenths of the dust 
usually introduced into the House by the shoes or 
boots being excluded by the arrangements in the pas- 
sages, when they are in full operation. Any other por- 
tion pressed upon the hair-cloth either falls through the 
apertures in the floor, from the form given to them, or, 
if ground upon the floor between the apertures, it is left 
uDtouclied ttteee, and below the line mdioatm^ \)iE\e "S^t^ 
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gress of the air." This figure shows the amount of dit 

fusion given at first. The number of apertures vm it 

Tig. 44. 



urn 




terwards doubled. That portion of the hair-cloth roost 
exposed to dust is changed daily. 

Fig. 45 is a connected view of the diderent points 
referred to, and illustrates tlie whole progress of the air 
through the heating apparatus, the House, and the chim- 
ney-shaft. " The vitiated air from a drain at a in the 
Old Palace Yard is controlled by the under-ground venti- 
duct, and conveyed directly to the shaft, b is the fresli- 
air entrance, where the air is taken from Old Palace 
Yard, and within it is the suspended fibrous veil, forty- 
two feet by eighteen feet, for excluding mechanical im- 
purities ; c, the temporary apparatus for moistening or 
washing the air ; d e, the hot-air chamber communicat- 
ing with «, the lower air-chamber, which receives warm, 
cold, or mixed air, according to the temperature re- 
quired ; //, deflectors for diffusing the air in the equal* 
')g-chamher, g g ; 6 6, the supply for the galleries, 



234 VENTILATION OF THE BOUSE OP COMMONS. 

conveyed from g by the channels between 6 and g ; ibe 
dotted lifles above y and below 2 show the flovf and 
return-pipes from the hot-water boiler, which is placed 
at X, which supplies the hot-water apparatus in dt. 
The large arrows from the venlilaling chamber, B, indi- 
cate the progress of the air from the ventilating sbaSi, 
while small arrows indicate the discharge of vitiated lir 
from the libraries and various other places in the viciniiy 
of the shaft. A indicates the external windows ; C C, 
the original altitude of the ceiling ; and D, the vitiated 
air-channel from the House of Peers, communica% 
ultimately with the shaft that ventilates the House of 
Commons." 




Fig. 46 is a ground-pAftQ oS »iie ceWat o^ vVc '^W'* 
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(KT OommoDS, in which the same letters refer to the 
parts as in the preceding plans. D'is the en- 
;e for the fresh air ; C, the outer air-chamber, in 
Vtluch the veil is suspended ; B, the warming apparatus ; 
3? X, the mixing-chamber ; A, the cold-air passage ; 
• «j A 6, the doors controlling the passages ; G, the chim- 
•*©y, connected by the under-ground channels, represent- 
^ by the dotted lines, with the vitiated-air flue over the 
House of Commons. 

Figs. 47 and 48 are a plan and section illustrating the 
Ventilation of the throne, and may be taken as an exam- 



Fig. 47. 




pie of the mode of ventilating the speaker's chair, or a 
pulpit in a church. The throne is ventilated by special 
arrangements, controlled at the air-channel, a, which 
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supplies the chamber, b, from which the freah air Is tffl'i 

Itiised around the chair, at c rf e, or other places.* 
Fig. 48. 
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AVw Howet of Parliament. — The plan proj 

for the ventilation of the Houses of Parliament Jn 
building was reported by a committee of the House ■ 
Commons, in 1841. How much of this plan has heeo 
adopted we have not been able to learn. 

The air, according to this proposed plan, is to be tak- 
en from a height of 200 feet, by two towers, the clock- 
tower and the Victoria tower, which are to be siluaieil 
at opposite extremities of tbe immense pile of buildings 
constituting the new Houses of Parliament. The de- 
sign in talcing air from this great height, and from tffO 
sources, is to escape the various impurities which usual- 
ly exist near the surface of the earth, and to use one or 
the other source, as tbe wind may drive smoke Of im- 
pure air towards the other. From these towers the air 

• A full dHBcriplion of Ibe ventil 
rKry Houwa of Porliumenl, with ni 
the nlinvu liaa liccn dcriTie^^j 
, TsntilaUon. 




o: soa. ar lar UK sor- 
r of liie jnlk ui9V£~* Ic hk oeasmsni. asc s ir 
HiBTfTri IK 'varmiic a3mEBZx&. me merjamra! iinv- 
^ aod slC ^ic TiHT *?"""-" fins rznniedinc xmt tiif m^ 
In floes condiiciixiE n lbs ^ncioiE aiarxnifais^. 
J |li#ir fixe air iBs i^bbl pnnierJT isuxpsrei il ibf Il8s^<- 
a if ^ h fi ID be abcfwed w jodbdl imr ibe iiubbr baT. 
ore<3 axkd imo lbs cHinini!iBE-^aaBi&. In ibf rain* 
ttee-rocms, tbc air wimrmg irbicx is ir be aDJr hkic* 
ileH' v^armed. are lo be 0|ieD £res. iipsd by coke or 
iier smokfiess ioeL AH -itt resiii&tins: and smoke* 
les of these ipsrtmenzs. lo ifae miiDber of sboox 4iXX 
e to be carried upcai a fire-proof floor under ibe roof 
a Tentilalins tower or spare over ibe cenml ocucrona] 
11. This tower, wiich is to be 250 feet tboro Trin* 
r higb-water mark, is to be the sole egre$s and ihe 
iDcipal moTiDg power to tbe whole srstem* 
Provision is to be made in this tower for making a 
e, if it shall be found necessary ; but it is ho)>ed ih«i 
LQ plenum movement derived from die natural current 
F the wind, by which the air is forced inward*^ aidod 
y the rarefaction of the air, when heated in the vaii- 
us apartments, by which it flows outwards^ will, \\\ 
lost cases, produce a sufficient vontiluting current iu 

• In the temporary Houses of Parliament it is MUtril tlint (lif* **" 
use of cooling the air by any arranjfenienls which hnvi* hpt^w l***^**' 
*ore adopted has been from five to ten guineii cliily, 
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the lofty tower. When the Houses are much crowded, 
it is intended to make use of mechanical means to pro- 
pel the air, and prevent indraughts at the doors. 

As the large halls are used in the evening only, and 
the committee-rooms in the day-time, it is proposed to 
use upon the committee-rooms the same power which 
at other times would he devoted entirely to the halls. 

The following is the estimate of the expense of the 
warming and ventilating arrangements of these buildings, 
machinery being provided to assist solely in the ventih- 
tion of the Houses proper. 

1. Air-flues under the basement, &c., and un- 
der all the floors, including the vaulting of 
the basement, and communicating channels 

in the roof, leading to the central shaft, £ 12,320 

2. Apparatus for warming, purifying, propel- 
ling, and regulating the admission of the air, 12,000 

3. The central shaft, .... 20,000 

4. Fire-proof floor under the roof, to simplify 
the general construction of the flues, and 
permit them to be discharged by a central 

shaft, 20,680 

Total, .... je 65,000 

Estimated cost of central tower, . . £ 20,000 

If dispensed with, deduct, for cost of 

additional flues and other necessary 

arrangements, ... £ 10,500 

Also deduct for cost of machinery, 4,000 

14,500 

Saving to outlay, £ 5,600 
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From this estimate it would appear that some saving 
of expense could be made by dispensing with the cen- 
tral tower, and propelling the air entirely by machinery, 
allowiDg it lo escape al numerous points, wherever it 
may be found lo be most convenient. But il is believed 
that this saving will be materially reduced by the cost of 
additional attendance which will be necessary if the low- 
er is not adopted. The plan recommended by Dr. 
Heid is distinctly that of a large central tower. 

French Chamber of Peers. — This hall is a semi- 
circular apartment of about thirty-two feet radius, hav- 
ing spectators' galleries upon the sides. The air for 
ventilating and warming it is taken from a garden at a 
little distance from the building by an opening of about 
ten square feet in area, and, after passing through an un- 
der-ground air-channel, enters two fans seven feet in di- 
ameter, and five feet wide, with six vanes, by which it 
is driven onward lo four hot-air stoves, or calorifere$. 
After being sufficiently heated, the air passes under the 
fioor of a guard-room, which it warms, and ascends 
by passages in the walls lo a space under the floor of 
the Chamber of Peers, into which it finds its way 
through openings m all the risers of the steps. Near 
the points at which the warm air escapes into the Cham- 
ber, plates of cast iron are inserted into the horizontal 
part of the steps, which are heated by the air. In sum- 
mer, air is driven into the Chamber, through the saoje 
apertures, by four other ventilating fans, of the same di- 
mcnsioiis as those just mentioned. 
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The vitiated air escapes by an opening over the chan- 
delier, and by other openings at the upper and back pan 
of the galleries ; that from the last- mentioned openings 
passes along the attic to the Iriink over the chandelier, 
and escapes with it into the external atmosphere. 

In the mode of warming adopted for this building, ibe 
object of M. Talaboi, who arranged it, wag to heat the 
whole mass of the buildings ; this kept up a pretty con- 
stant temperature, but, as they were spread over a large 
surface of ground, it was attended with a very great loss 
of heat. 

Several experiments were made to determine the 
amount of ventilation, when produced by the ascent of 
the warm air, aided by the action of the chandelier ; it 
was found to he about 425,700 cubic feet per hour. 
Supposing the Chamber to coniain 600 persons, this 
would give about 700 cubic feet per hour for each indi- 
vidual, or nearly twelve cubic feet per minute. 

The summer ventilation is produced by means of the 
four fans above mentioned. Each pair of fans moves 
togeiher, and is put in action by two men. The open- 
ings in the centre are thirty-one inches in diameter. 
When moving with their usual velocity, they throw into 
the Chamber about seven cubic feet per minute for each 
individual. 

These arrangements were reported, by a committee 
composed of Tbenard, Gay-Lussac, Pouillet, and Pe- 
clel, to be satisfactory, and the ventilation sufficient. 
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TENTILATION OP THEATBES.* 

In most theatres the principal entrance of air is from 
the stage. When the curtain is raised, the air from the 
stage is often felt blowing over the pit, like a cold, chil- 
ling wind, and this, occurring after the audience has be- 
come heated, cannot but be injurious. The same 
movement brings with it the noxious exhalations from 
the foot-lights and other means of illumination upon the 
stage. 

It is important to bear in mind tliat the mode of ven- 
tilating may have an influence upon the sounds passing 
from the stage to any part of the house, and may even 
render them inaudible in some parts. It has been ob- 
I fwred, that, if a large mass of heated air, or air oth- 
I annse altered in density, Intervene between the speak- 
er and auditor, tlie sounds of the voice become less 
distinct, and, in some cases, very much confused. To 
give the best intonations, a uniform state of the atmos- 
phere, as regards density, appears important, independ- 
ently of any particular form of a building and its mate- 
rials, and that the atmosphere should be quiescent, or, if 
in motion, that it should be gentle, and towards the au- 
ditor. Large and unmasked openings in the ceiling may 
also materially injure the sound. In a chapel, an open- 
ing for ventilation was made in the ceiling of an organ- 

• Whatever may be our views is to the morKl infloenoe of the>. 
trea, we presume tfacre can be no doubt bb lo Ihe praprietj of remov- 
ing in Gverj possible way all phyalca] evils to wtijcb tliose frequenl. 
inglliem may be eipoBed,fr(ini faults of construction or management. 
21 
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lofi, direcily over the organ ; when the chapel vras 
crowded, and the current ibrough ihe openiog consider- 
able, the organ became nearly inaudible to those ujion 
the floor. The difficulty ceased immediately on closing 
the opening. 

If the emanations from the foot-lights were removed 
by either of the methods pointed out in the section on 
Exclusive Lighting, page 69, a simple and tolerably ef- 
ficient mode of supplying air might be adopted. A 
large quantity of warmed air could be poured into the 
space at the back part and sides of the stage, \Fhich 
could be made to pass over the audience on its way lo 
outlets in the celling at the opposite extremity of ihe 
house. This, however, cannot be considered as l!ie 
most advisable mode, since the air will be pure to those 
only who are near the stage. 

In all well constructed theatres, the entrances to the 
pit and boxes are from corridors which surround theni< 
In these corridors the heating apparatus should te 
placed, or warm air should enter them by proper flues 
from hot-air furnaces or other means of warming, pjaceil 
beneath. From the corridors, the air thus tempered 
will enter the avenues to the pit and the doors of the 
boxes, when open ; when the doors are closed, the air 
should find its way into the boxes through- openings in the 
back part, near the ceiling, or through holes in the wall, 
near the floor. By these means, a constant current will 
be established, which will prevent the air arising from 
the body of the house from entering the box on the one 
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side, or cold blasts of air from the corridor on the other- 
For the pit, Dumerous openings should be made under 
the seals, or in other parts not covered by the feet, 
through which moderately warmed air can he admitted. 

The moving power in a theatre tims ventilated is the 
heat evolved from the audience, and that from the chan- 
deliers. Over the principal chandelier a large trunk 
should be erected, rising some feet above the roof, 
opening into the external atmosphere, and covered by a 
fixed or revolving cowl. The lower orifice of this trunk 
should be masked by a centre-piece, either falling below 
the level of the ceiling, or rising above it, allowing 
most of the air to escape by the edge of the centre- 
piece, a part only passing through it. Such an arrange- 
ment not only adds to the beauty of the ceiling, but 
will prevent a great loss of sound. Trunks from those 
parts of the ceiling over the other chandeliers should 
lead to the main trunk, and enter it above the ceiling. 

A separate trunk should be provided over the stage, 
to which ihe vitiated air from the foot-lighls, and the 
smoke from the materials used in the various representa- 
tions, may be drawn. In both this and the main trunk 
should he placed valves for controlling the movement of 
the air. 

Many years ago, the Marquis de Chabannes contrived 
a system of warming and ventilating, which was success- 
fully applied to Covenl Garden theatre. Stoves were 
placed in the staircases aod at the entrances, by which 
.ihejr were thoroughly warmed, and all unpleasant draughts 
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obviated. The influx of cold air from the stage wi|r'-- 
prevented by similar means. But, instead of stofe^■»l^*- 
vrhifih would be objectionable on account of the 'mflai* K- 
mable nature of the machinery, he used steam-cylinden, 
forty-four in number, each traversed by thirty two-inci 
pipes, through which the air passed and was wanned. 
The steam was supplied by a boiler securely placed in i 
vault near the stage-entrance. As a moving power, in 
addition to the chandeliers, which contained eighty batV 
wing burners, and which was suspended under a funnd 
terminating upon the exterior of the buildmg, he made 
use of a ventilating fumacey placed in the lower galleij) 
through which the air from the building passed and was 
rarefied, before it entered a large, upright trunk, on its 
way to the external atmosphere. 

VENTILATION OF CHURCHES. 

During the winter, the change of air consequent upon 
the great difference of temperature between the internal 
and external air is generally sufficient for the number 
usually assembled in churches. They are commonly 
lofty and capacious, and afford a magazine upon which 
the audience may draw during the hour it is usually as- 
sembled, and, if proper care is taken to open the doors 
or windows between the services, a sufficient change of 
air will be produced before the audience returns. When 
the church is small, and much crowded, especially in the 
evening, when a large amount of foul air is produced by 
^he means used for lighting, and when, also, it is warmed 
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^^ tiilose Stoves or other radiating bodies withm it, such 
Amount of yeDtilation will be found altogether insuffi* 
it, and it becomes necessary to adopt special ar- 
^'^i^ments. 

A serious inconvenience, experienced by all who sit 
^9ir the large windows of churches in cold weather, is 
^))e descent of cold air upon their heads, and the various 
""^x^ currents which such a movement inevitably pro- 
duces. This inconvenience can be obviated only by in- 
^Itxlucing double glazed windows, or some translucent 
Ituaterial stretched upon a frame, which shall act as a tight 
Curtain, and prevent the warm air from coming in con* 
^ct with the external glass windows. 

It has been proposed, of late, to close, all side win- 
dows, and illuminate entirely by the roof. In cities, 
where it is difficult to obtain sufficient space around a 
church to command a free supply of air, such an ar- 
TaDgement would be particularly advantageous. The 
money that is now so frequently, in this country, ex- 
pended in ornamenting an exterior, which cannot be 
seen, could be devoted to beautifying the interior in a 
manner suited to the devotional spirit which it should be 
the object of all such decorations to encourage. The 
front, if in a situation to be well seen, would still afford 
quite as much space for architectural display as could be 
profitably used, and might be crowned by a steeple or 
tower, which would be an important aid to systematic 
ventilation. 

A church illuminated in the manner just mentioned 

21* 
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should have no galleries to ioterfere ffith the light de- 
scending Troin the ceiliog ; if, however, an old building 
is to be so arranged, and it is desirable to retain the gal- 
leries, the ceiling should be brought dowo, and the win- 
dows made above it, in the upright walls, but low enoogii 
to allow the light to pass under the galleries and fall up- 
on the wall, from which it would be reflected direcdy 
upon the books, when held in the usual position.* 

A system of ventilation will of course be essential in 
a building thus constructed. In a church with the usual 
number of windows, which are also to be used for venti- 
lation, proper apertures for the admission of air will be 
found much more healthy and agreeable. For, if a win- 
dow be opened when the air within the church is warm- 
er than the external air, — and it is under such circiun- 
stances that windows are most frequently opened, — and 
this window be at some height above the floor, on the 
shaded and consequently colder side of the house, air 
will enter by it, and fall upon the heads of those sitting 
at a litUe distance from the wall, on its passage to anoth- 
er window on (he opposite side. This current will be 
stronger and more offensive, ibe higher the point Bl 
. which it escapes from the building. 
I A plan which is found to answer well, and is easily 
I put in execution, is to admit the air to the cellar, from a 

I * From inattention ta this point, of admilting ttie light low enough 
I down lo sllow it to pnsa under the gulleiy, it was found necesanry, in 
I * chuTcb in which the side wimiowa hnd bei^n closed, to cut othsi 
I irindowa under the gallery, befare Bofficienl light could be obtained 
Ubi thoK lilting there. 



VENTILATION OF 



sufficient height above the ground to exclude dust, — 
from the lower part of the tower, for instance, — and, 
after allowing it to pass through the healing apparatus, or 
not, as c ire urns lances may require, admit it to ihc hotly 
of the church through a sufficient number of openings in 
the aisles. To the galleries, if necessary, flues of suffi- 
cient size may be carried up in or against the walls, and 
opeo with a suitable amount of diffusion. To the pul- 
pit a separate flue may be appropriated, the air from 
which may enter under the seat, or from the front of the 
desk, on the inside. This flue should have a valve, un- 
der Uie control of the clergyman. The outlet should 
he at the ceiling, from one or more points connected 
with a trunk leading to the top of the tower or steeple. 
This trunk, also, should be fitted with a valve, for the 
long column of heated air which will be thus formed will 
often he much greater than is required. When the 
church is heating, this valve should always be closed. 

Mr. Tredgold, in his work on the Principles of 
Warming and Ventilating Public Buildings (a work 
which seems to have been strangely forgotten by recent 
writers on this subject), proposes, in new buildings, that 
they should be constructed with flues for cold air down 
the piers between the windows. The air could then 
enter at openings in the frieze under the cornice, pass 
down a smoolh flue, and beneatb the floor, to rise in the 
church through gratings in the floor of the aisles ; and by 
disposing some of these flues on each side of the church, 
, (Iwy would act with the wind in any direction. From 
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the floor the air would rise to the centre-piece, the 
opening in which could be masked bj' a shield, and es- 
cape ihrough a common luffer-boarded outlet on the roof, 
if the building is destitute of steeple and bell-tower. 

In a few churches in this country, the old practice of 
constructing tombs beneath them stiL continues. We 
cannot enough insist upon the deleterious influence such 
K custom must have upon the health of those frequenting 
the church ; whatever care is taken in the construction 
of a tomb, some of the gases will escape, be diffused 
in the air of the vaults, and find its way into the church. 
It is to he hoped that soon the influence of the beautifu] 
cemetery at Mount Auburn may produce a right feeling 
on this subject in the conimunityj and prevent this re- 
volting custom of mingling the living with the dead. 

In chapels, which are smaller and more liable tohfl 
filled or crowded than the larger churches, ventilating 
apertures are more important than in churches. Tre 
quently, the gallerj- or orchestra of a chapel is above llw 
windows ; consequently, all change of air in the gallery 
is effectually cut off by these openings. 

In the College Chapel, at Cambridge, Massachusetts, 
the galleries are constructed as just mentioned ; and 
those sitting in them were fonnerly much annoyed by 
the heat and closeness of the air, or, when the doors of 
the gallery were open, by the blast of cold air from them. 

Fig. 49 is a section of tbe Chapel, in which A A, &c., 
represent the entries ; B, tbe gallery which occupies 
the end, and half the two adjacent sides, of the walls ; 
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, the orchestra. It will be seen that the greater part 
' those sitting in the gallery, and all those in the orches- 
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ra, are above the window-tops. The ventilation is ef* 
ected in the following manner. D D are two open 
centre-pieces, masked by foliage, each four feet in diam- 
eter, connected by two branch trunks, four feet wide by 
wo and a half high, with the main trunk, E, four feet 
)y the side ; this trunk is Btted with a valve, F. The 
vitiated air escapes from beneath the cowl, G, which is 
)pen around its whole circumference. H, the cord at* 
;acbed to the valve, F, which descends to the gallery. 



LECTURE-ROOMS. 



In the buildings just described, the apartments have 
seen supposed to be large, and the numbers usually as- 
sembled in them great. Lecture-rooms form another 
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and more numerous class of rooms, for which somen 
pie and efficient plan of ventilation should be poiitti 
out. At present, very few rooms of this kind are pi^ 
vided with arrangements for this purpose. 

One of the simplest plans which can be devised is,N| 
make openings in the walls of the building, bj wM 
fresh air may enter between the floor of the lector 
room and the ceiling of the room below. If the nxi 
is upon the lower floor, or the apartment below is lOl 
ceiled, air maybe led through the same openings, If 
means of trunks, to such an extent under the floor as of 
be found necessary. If the building is constnicting, df 
last plan could be adopted with little expense, and wodi 
be found the most economical arrangement, as reg8Hi| 
heat, when the room is to be warmed as well as ventilatet' 
unless the rooms below are also warmed and commu* 
cate heat through the ceiling to the air above it. Frfll 
this space below the floor, or from the trunks, air is* 
be admitted through the risers of the ascending stepii 
and from the front of the lecturer's platform. Iftk 
seats are placed upon an inclined plane, and not upcij 
steps, openings must be made through the aisles d\ 
other vacant spaces, through which the air may asceni 
These openings must be fitted with registers, in order Hi 
close them while the room is swept. The outer op* 
ings in the walls, or the main air-trunks leading b^\ 
them, should also have valves. 

The outlet must be in the ceiling, and sufficieiflif 
large to afford a free passage for all the air. This op* 
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ig can be masked by a centre-piece of stucco-work, 
».viDg an open space around its edges and through its 
enves. If the centre-piece is raised above the level of 
ihe ceiling six or eight inches, a prelly large space may 
be obtained at the edges without injuring its appearance. 
Tlus plan will be found more effectual than making two 
or more openings in the ceiling, and connecting them 
wiib a main trunk in the centre. 

Above the centre-piece an air-trunk must be placed, 
communicating directly with the open air ; and in it a 
rali'e which will close It perfectly. This valve can be 
moped by means of a cord passing into the room below, 
or to some place near it, of ready access. The top of 
the air-trunk may be covered by a revolving cowl or a 
filed cap. The first will be found most efficient in pre- 
venting the entrance of rain, hut will be open to the ob- 
jection of producing a noise as it revolves. The sec- 
and, being fixed, will produce no noise, and, if properly 
Constructed, will not often admit rain. 

The moving power in this plan is the warmth of the 
pitiaied air, and the heat given out by a chandelier, 
which is supposed to be placed immediately under the 
iir-trunk. 

The air is supposed to be admitted from without, and 
;o be neither warmed nor otherwise tempered ; conse- 
quently, it is not well adapted for the cold weather of 
winter, but will do well during the other seasons of the 
jrear. In the winter, ibe openings in the walls may be 
cipsed, and the air admitted beneath the Qooi or into the 



352 



LYCEUM HALL, CAMBUD6B. 



trunks above meDtioned, after passing through anj f( 
of hot-air furnace, placed in any apartment beneath 
lecture-room. The heat of the entering air may bei 
minished at any time by opening one or more oft 
openings in the walls. 

The following Bgure (fig. 50) represents a cross-see 
tion of the Lyceum Hall, Cambridge, MassacbuseOi 




with ^the plan recommended for ventilating it. A A- 
stores beneath the hall ; B B, the space between tbe c 
ing of the stores and the floor of the hall ; C C, of 
ings in the outer walls, giving free access for tlie air 
the sapce B. D D, the aisles, in which are the o/^ 
ings through which the air finds its way into the hall. ' 
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the Tiliated-air flue ; G, the valve closing the air-flue. 
This valve is moved by means of a cord, descending 
to the entry just outside the hall-door. H, the cowl, 
which is fixed to the top of the air-flue, leaving an open 
space of about nine inches between it and the cowl ; 
the cowl projects over the air-flue about one foot. On 
either side of the flue is an inclined board, L, about ten 
inches wide, placed nearly at right angles with the roof. 
It is found necessary to surround (he air-trunk with this 
board, to prevent the wind, when blowing against the 
side of the roof, from passing up under the cowl and 
preventing the escape of the vitiated air. The wind, 
by this arrangement, is so far diverted from its original 
direction, that it passes over the cap, and assists some- 
what in exhausting the air. K K is the entry, in which 
is placed the stove, I, inclosed in a case, between 
which and the stove the air can pass up into the space 
between the floors, and thence into the hall. It was in* 
tended that the greater part of the air, in winter, should 
pass through this warming apparatus, a small part only 
of the apertures in the walls being allowed to remain 
open. Thus far, however, the stove has never been 
placed in the entry, and the ventilation has been sup- 
plied with cold air. The moving power is the chan- 
delier, represented under the flue, and the vitiated air 
from the hall. 

SCIIOOLHOUSES. 

As much of the time of the young is spent in school- 
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bouses, we cannot bestow loo much atteDtion eilber up- 
on their coostruciion or their management. The situa- 
tion, where it can be selected, should be upon a dry, 
gravelly, or sandy soil even, rattier tlian upon one whicli 
is damp, and suited to luxuriant vegetation. Those sit- 
uatioos which have been described in some works on 
education, upon the borders of a pond or lake, the 
building itself surrounded and half hidden by the ibick 
foliage of trees and shrubs, may be very pleasant lo 
look al, but are very different from those which a pru- 
dent regard for health would have pointed out. Trees 
overhanging a building, by the exclusion of the sun and 
air, and the consequent retention of moisture after rains, 
are injurious both to the permanency of the building and 
the health of the occupants. 

While schoolrooms were constructed with open fire- 
places, in which wood was burned, sufficient air passed 
through the chimney to preserve the atmosphere in a tol- 
erable state of purity. In the neighbourhood of large 
cities, as firewood has become more expensive, coal 
has been substituted, the fireplaces have been closed, 

I their place supplied by stoves. As very little aif 
is required in the combustion of the fuel in stoves, the 
amount of ventilation has been proportionally reduced, 

nil it has become altogether insufficient for tlie number 
of children usually assembled. 

Although we may change the air of schoolrooms in 
the morning and between schools, by opening windows 
and doors, still this can be done only at cerutia 
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' of the year, and even then not without the inconvenien- 
ces which must be produced by wind or rain. The 
schoolroonis are not usually sufficiently large to contain 
the amount of air required by the children during the 
session ; consequently we find, in most cases, after an 
hour or more, the air becomes heavy, and its odor un- 
pleasant. It is impossible that the health of teacher and 
pupils should not suffer from remaining day after day in 
an atmosphere thus vitiated.* 

* My allcDtion waa some lime since drawn to a numbFT of children 
who aufTered from frequent caugha and colda in the hend. Thej all 
belonged to the same schuol, and, on inquiring at the Bchoolroom, 
it wDi found Ihnt this room was fifteen feet long b; ten feet wide and 
twelve feel high, containing, therefore, about ISIKI cubic feet, inclu- 
sive of the ECals and other fixtures ; it was warmed by a small boz- 
■tove, the funnel of which was thrust through the window. The 
number of children occupying this room was from fifty to aiity ; they 
were Eealed along one aide of the room, near the only window. As 
the heat was often great, this window waa frequently opened, oeca- 
aioning, by the entrance of cold sir upon the heads of Lbe children, 
the colds just mentioned. Notwithstanding the odor of the air was 
Bomelimes quite disagreeable, it was very dillicult la convince the 
Committee, whiise duty it was to attend to the matter, that there was 
any thing unhealthy in such a state of things. One person lo whom 
the fact was roenlioned renmrlied, in eitcnunlion of the evil, that 
they were " very small children." 

This atate of things, however, is not ao bad as that of some of the 
■choolrooma in Liverpool, England. Mr. Riddal Wood, in hia Report 
on the Schools, aays, " Of the common day bcIiooIb in the poorer dis- 
tricl£ it is difficult to convey an accurate idea. So close and offensive 
it the atmosphere in many of thorn, as to be intolerable to a person en- 
tering from tlie open air, more especially aa the hour for quitting school 
approaches. The masters and mistresses were generally ignorant of 
the depressing and unhealthy effecta which surrounded them. The 
niistreas of i dame school replied, when they were pointed out to her. 
Quit ' ebUdren thrived best in the dirt' One •ohool waa in a sarrat, 
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Where hot-air furnaces are used, tbe air is admitted 
at such a temperature that it rises lo the ceiling, and 
does Dot come in contact with the organs of respiration 
until it has been couiaminated by the air already breaihed' 
The mode of supplying sufficient air will of course 
depend upon the warming apparatus. If a hot-air fur- 
nace is used, the principle of distribution should be 
ladopted, as far as possible, with a due regard to econo- 
my of heat. As hot-air furnaces are usually construct- 
ed, the top of the hoi-air chamber is covered by a large, 
stone ; this stone is placed, in some cases, immedi- 
Mely under tlie floor, and by the heat tlius communicated 

' ^veral scboolhouses have been burned. A belter ar- 
rangement, as regards both safety and convenience, 
would be lo carry the brick walls of the furnace ikrough 

I tte floor, and lay the stone upon them even with it, and, 
About four inches above this stone, to place another 

t "Of the same size. The warmed air would then rise 
,tfarough the proper opening in the lower stone, be 
spread out between the two, and escape at the edges. 
py this means a larger amount of diffusion would be ob- 
tained, and a belter opportunity afforded for warmbg 



. Vp three pnii of dark, broken stairs, with fotly clijlclren in the coin- 
I ^a oF ten feet by ninp, and on a perch forming a triangle with the 
I bniner of tbe room Bat a cock Dad two hens. Under a stump bed, 
t ImnieiUatelj beneath, was a dog-kponel, in Ihe occDpatiun of tliree 
Mack terriers, whose barking, ndded to [he noise of the children and 
the cackling of the fowls on the approach of a stranger, was almoal 
deafening. Thare ivaa only one amall window, at which sat the mas- 
ter, obstructing three fourlbi of the light it was copable of admitting." 
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tbose who enter from the cold air, or Tvho have cold 
feet. A similar plan could be adopted in the second 
story for distributing the air ; or a horizontal metallic 
trunk could be placed near one side of the room, or be- 
neath the lower step of the re citing-plat form, from the 
front of which, through numerous small openings, the 
air might escape. 

The foul-air channels, with the arrangements here in- 
dicated, must necessarily have their orifices in the lower 
part of the room, within three or four feet of the floor ; 
otherwise it will be impossible to warm the room- In 
summer they should terminate at the highest point, at the 
ceiling. In both cases these channels must have a free 
outlet into Ihe open air, and be covered by a coivl. 

They should not terminate in the attic. By allowing 
them to terminate here, the air from ihem is often diffused 
under a cold roof, becomes cold, and may even find its 
way, by means of staircases or spaces in the walls, into 
the room from which it escaped. We eicamined, not 
long since, a schoolhouse in which there were twenty- 
four flues for the escape of Ihe foul air, eight by twelve 
inches each, terminating in ihe attic, in which four other 
flues, ^bout fourteen inches square, or about one third 
the area of the first flues, were constructed against chim- 
neys connected with the hot-air stoves in the cellar, and 
opened into the air with these chimneys. The lower 
openings of the four flues were about four feet above 
the floor of the attic. The object undoubtedly was to 
-jOM'lliS me of the waste heat of the hot-air stoves as a 
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inoTiDg power ; to do this, the flues from the setera) 
rooms should hare been carried directly to the flue in 
contact with the chironey, or even carried doivn oearthfl 
bottom of the chimney, by which means a longer col- 
uroo of warmer air would have been obtained. As then 
arranged, by far the greater part of the movemeni due 
to the heat of the fou! air was lost. 

Most schoolrooms are warmed by stoves placed 
within them. These can be converted into means of 
yentilation, by surrounding them with a sheet-iron case, 
open at the top, and furnished with a door opposite that 
in the stove, by which the Bre may be renewed, and an- 
other at the bottom, and at the back, through which the 
air may pass into the space between the stove and case- 
Beneath the stove should be a lube leading to the out- 
side of the building, through which air may enter the 
loom after passing through this same space. This tube 
should be furnished with a valve. 

When it is required that the room should be warmed 
only, llie door is opened in the hack of the case and 
the valve in the tube closed ; the air of the room thus 
circulates tliroogh ilie stove. When the rodm is to 
be ventilated as well as warmed, the door is closed, and 
the valve in the tube opened. The stove will be de- 
scribed in the second part of this treatise. 

As the case will never become very hot, it will pre- 
Tent children from being burned by falling against the 
stove, and will also protect those who may sit near it 
fronn too great heat. The stove should be placed at 
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the end of the room opposite to the chimney, with 
which it should be connected by means of a sheet-iron 
pipe. If this pipe be carried to a sufficient height with- 
in the chimney, the chimney could be used as a veniilat- 
iDg-flue, without injuring the draught of the stove. 

The openings into the chimney, if used as a veiuilating- 
flue, may be at two levels, — the one about four feet 
from the floor, and the other near the ceiling ; the latter 
being used when the room is loo warm and when a large 
amount of ventilation is required. The chimney should 
be built somewhat larger than will be necessary to carry 
the smoke alone, and, if sufficient space can be ohlained, 
the ventilating- flues may be partitioned off from and be 
arranged around the smoke-flue. The ventilating-flues 
will then be warmed by the smoke, without any injury to 
the draught of ihe stove ; we shall also avoid the incon- 
venience of replacing the smoke-pipe in the chimney, 
which must frequently' be done, especially if wood is 
burned. 

A somewhat similar mode of warming and ventilating 
schoolhouses was recommended some time since.* By 
this mode it is proposed to construct a double-back fire- 
place of brick, making the space between the walls 
about four inches deep, and carrying up the hrick cas- 
ing six or eight inches above the top of the fireplace, 
leaving openings in the sides, near the top, through 

• The Soboolmnster. The proper Chitiactcr, Sludiea, nnd Duties of 
ihe Teacher, &c., and the Principles on which SchoolhouscB should ' 
be built, amnged, mnned, and Tentilaled. Bj Oeorge B, Emenon. 
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which the healed air may enter the room. The holknr 
back is supplied with air by a trunk comraunicating mti 
the outside of the building. This trunk is Iwenly-four 
inches by six or eight, and laid beneath the floor. The 
brick chimney, which it is directed should be buiU l»o 
or three feet above the hollow back, is covered with a 
flat stone or piale of iron, and from this a metallic 
smoke-pipe rises one foot, then passes to the opposite 
extremity of the room, when it ascends perpendicularly 
and issues above the roof. The fireplace is to be pro- 
vided ivilh doors, by which it may be completely closed. 
A slight addition would make this firepiace a more effi- 
cient healing apparatus, and in no way diminish its effi- 
cacy as a ventilating machine. An opening should be 
left at the hack of the casing, commanded by a door 
and a valve placed in the air-trunk. By means of these, 
the air of the room could be warmed by circulating in 
the hollow back before the pupils entered, and the ei* 
ternal air be introduced after the session began. 

In the same plan it is proposed to produce ventilation 
beyond that going on through the fireplace, by surround- 
ing the stove-pipe with a lube of tinned iron, opening 
into the air through the roof. The lower part of the 
timied iron tube communicates wilh a wooden trunk 
opening near the floor ; through this it is supposed an 
upward current will always take place when the smoke- 
flue is warm. 

The following diagram, fig. 61, illustrates the venti- 
IflUng apparatus, A, air-bqxj one foot square, cove^ 
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by the pilaster, and opening al the Boor in the base of 
the pilaster. B, round iron tube, I5J inches in diante- 
ler, being a continualion of the air-box. Through the 
centre of this box passes the smoke-pipe, C, eight inch- 
es in diameter. D, (he caps lo kee]) out rain. These 

Fig.Dl. 

[f 

ff eaps should be diiferently arranged, or llie pipe should 

I pass through the ridge-pole of the building. With the 

present arrangement, a wind bloiving against the roof, 

E E, would be very liable to pass under the cap, and 

prevent any escape from the air-trunk, B, 

During the summer, inlets for the fresh air, and an 
outlet for that which has become vitiated, should be pro- 
vided, sufficient for ventilation, without exposing the 
pupils to draughts from windows or doors. Fig. 52 
illustrates one of tlie modes which may be adopted. 
T^STooina are supposed to be destitute of sll means of ^ 
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venlilation except by doors and windows, and i 
an entry, the entrance being by an external staircul 
The base or mop-board is to be set off from the studi^ 

two or three inches, if it is a wooden biiiJding, and 
pieces of board placed between the studs, above tisj 
base, to cut off ail communication wiih the space b 
tween the walls ; openings are then to be made throa 
Tig. 53. 
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the sides of the building to allow a free passage for the 
air into the box thus formed behind the base ; the base 
must then be pierced with holes three quarters of an inch 
in diameter, ihrough which the air may enter the school- 
room. A sufficient foul-air trunk should lead from the 
ceiling inlo the open air, if possible, through the highest 
point of the roof; if this cannot be done, the trunk should 
rise BufEciently high above the roof to avoid the influ- 
ence of eddies and downward movements of the wind. 
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if the scboolhouse be surmounted by a belfiy, the sides 
inay be luffer^boarded (fitted with broad slats, as in win- 
dow-blinds), and the foul-air flue terminate in it. The 
openbgs in the sides of the building, and the foul-air 
tninks, should all be fitted with valves. In the figure, 
« a represent the points of ingress, and b b b those of 
^ess. 

A much more common case is that in which the 
schoolhouse has an entry, into which the air freely en- 
ters. We may then admit air to the schoolroom by 
laving a light door-frame fitted to the door, and cover- 
ing it with a coarse, loose fabric, millinet, or with the 
perforated zinc now in common use for window-shades, 
through which the air will pass fireely, but m a diffused 
manner. In this case, also, the room should be provid- 
ed with a free outlet for foul air, opening near the ceiling. 
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CHAPTER XIII. 

VENTILATION OF PRISONS AND HOSPITALS. 

Distinctive Ch&racterifitics of the Aabarn and Pennsylranit Diici- 
pline. — Auburn Prisons. — State Prison at Charlestown, Mu» 
chusetts. — Means of Ventilation insufficient, especially in wuB| 
sultry Weather. — Convicts often sent to the Hospital from tUi 
Cause. — No Moving Power in the Auburn System, a Systen of 
Flues only. — Undue Importance attached to Flues without JAw- 
ing Power in Reports of Prison Discipline Society. — Theoretiol 
and practical Value of Flues compared. — New Penitentiary A 
Philadelphia without Moving Power. — Insufficiency of Flues oolj 
in this System. — Description of the Model Prison at Pentonvilk* 

— Modification of this Plan required to adapt it to the Climate rf 
New England. — Ventilation of Hospitals. — Its great Impo^tanc^ 

— General Hospitals. — Asylums for the Insane. — Arrangementi 
of the General Hospital must be varied to fit them for Asylums for 
the Insane. — Provisions to secure Flues from Obstruction, Con- 
tamination, and Injury. 

In this country, the prisons are constructed and man- 
aged in a great variety of ways. The two principal 
modes are those after the Auburn system and the Penn- 
sylvania system. The distinctive characteristics of the 
former are, that there is supposed to be no communica- 
tion between prisoners, except with regard to their work 
in the shops. During the night, each prisoner occupies 
a separate cell. In the latter, there is supposed to be not 
only no communication between the prisoners, but they 
are never allowed to see each other. Each prisoner oc- 
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cupics a separate cell, both day and night, aod at certain 
times only is allowed to amuse himself io a small exer- 
cising-yard connected with his cell. His cell is thus 
niade " his work-shop, his bed-room, his dining-hall, his 
waier-closet, his chapel," &c. A third mode of con- 
finement is found throughout the country, but is most 
frequently met with in the jails, in which each cell con- 
tains many prisoners, and usually without employment. 
Witli regard to the Auburn and Pennsylvania sysleoM, 
warm discussions are, and have for several years been, 
carried on by their respective friends ; with them we 
have nothing to do, nor with the influence these systems 
may have upon the health of the prisoners. Ii is obvi- 
ous, however, that persons confined in a small apartment 
will require a greater supply of air, and a better system 
of ventilation, than those who work during the greater part 
of the day in the open air, or in a large, open workshop. 
Of the prisons upon the Auburn plan, we may lake 
that at Charlestown as the type. This structure is 
double, constituting, in fact, a building wilhin a build- 
ing. The outer building is about two hundred feet long 
by forty feet wide. Within this building is a centre 
wall, two feet in thickness, on each side of which the 
cells, three hundred in number, are arranged. This 
wall, with the cells, forms a block, leaving a corridor 
between it and the walls of the outer building, ten or 
twelife feet in width. The walls between the cells are 
one foot in thickness ; those beineen the cells and the 
open area or corridor, in which are the doors, two feet. 
23 
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Tbe cells are seven and a half feet long, seven feet 
and three and a half wide. Tbe only opening from 
cell, except the ventilator, is the door, in the upper end 
of which is the iron grate, about eighteen by Iweniy 
bches. The hars of this grate are round iron, three 
fourths of an inch iu diameter, placed about two inches 
asunder, leaving orifices smaller than a man's band. 
Through this grate all the light, heat, and air are admit- 
ted to the cells. The ventilator, which is about three 
inches by four, extends from near the ceiling at tbe back 
of tbe cell lo the atlic, where several unite in a coniraon 
chimney, through which the foul air is supposed to es- 
cape into the open atmosphere. In some prisons upra 
this plan, it is said the flues terminate in the attic, from 
which the vitiated air escapes by one or more openings. 
The area or corridor around the cells is open from tbe 
ground to the ceiling, in front of foinr stories of cells. 
The different stories are gained by flights of steps at ei- 
ther end, from which any cell may be, reached by a gal' 
lery three feet in width, and extending from end to end 
of ihe block. 

There are no windows in the wall of the outer build- 
ing opposite tlie lower range of cells ; but above, on this 
plan, it is intended that there shall he a window opposite 
each cell. 

This prison is warmed by four anthracite-coal stoves, 
one of which is placed in each comer of the corridor. 
These are sufficient, it is said, to keep the corridor at 
an average temperature of 60^ for the greater part of the 



I STATE PRISON AT CHARLESTOWN. 267 

\ The ventilation is supposed to be determined ibroiigh 
, all the cells, and up the renlilators. No distinct provis- 
I ion is made for the admission of fresh air, or for warm- 
I ing it as it enters, or for any moving power lo direct 
the air through the flues. The action of such a sys- 
tem, when it acts at all, will probably be, thut llie air 
near the ceiling, and consequently in the upper story of 
cells, will be very warm, and the lower story uncomfort- 
ably cold. Another and not less unfortunate point in the 
working of this system must be this : when the doora 
and windows are closed, as ihey are in cold weather, 
and the air in the corridor is heated, it will rise to the 
top and escape through the ventilating flues into the attic 
or common chimneys ; but, instead of escaping into the 
atmosphere, a part may be drawn down through the 
other flues, which communicate with the lower range of 
cells, and again find its way through these cells into the 
corridor, to supply the partial vacuum which has been 
there produced. 

Id the summer season, it is understood, that, practical- 
ly, this system of ventilation, if such it can be called, is, 
as we might readily imagine, utterly insufficient. Dur- 
ing the summer months, especially in July and August, 
after one or two hot nights, the number of patients in 
the hospital is much increased. Their symptoms are a 
dull headache, dizziness, sometimes so great as to 
make them reel in attempting to walk, a sense of heav- 
besa in the head, suffused eyes, coated tongue, loss of 
..appebtef and a quick pulse ; to these are also ad^ 
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prostration of strength and diarrbcea. These symptoms 
are soon removed by sleeping in the hospital, rest, and 
simple medical treatment.* 

The difference between the theory and practice of this 
plan of ventilation may be seen from the following ex- 
tracts. ^' The cells of the reformed prisons have pe^ 
manent ventilators extending from the rear of the ceO 
to the roof or upper loft. They have also doors, con- 
sisting wholly or in part of an open grate, that the pan 
air may have free access from the area, while the im- 
pure air escapes through the ventilator in the rear of the 
cell. And this area, from which the air is admitted in- 
to the cell, is ventilated, in some instances, with as ma- 
ny small windows as there are cell-doors ; and in others, 
with a sufficient number of large windows and sky- 
lights ; so that, on the whole, there are few sleeping 
apartments to be found more thoroughly ventilated than 
the solitary cells in the reformed prisons." f 

" This mode [by flues opening at the tops of rooms] 
of ventilating the Auburn prisons has been too long at- 
tempted not to furnish experience in abundance of its 
inadequaleness. It is certainly better than nothing, but 



* These effects of deficient ventilation were first pointed out to mfi 
while attending the hospital practice of the Massachusetts State Pni- 
on, by the surgeon, Dr. William J. Walker. The present surgeoi, 
in his last Report, has also called the attention of the proper auth<^ 
ties to the deficiency of the prison in this respect. 

t Eighth Report of the Board of Managers of the Prison Ditci* 
pline Society, Boston, p. 97. — Compare this statement with the fit 
port of the Surgeon of the Massachusetts State Prison, for 1846. 
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that is all the praise which can be justly accorded 
to ii,"* 

It is said, these venliJators are so uncertain in their 
action, that in some of the Auburn prisons they have 
been closed. If this be so, it is certainly much to be re- 
gretted that those who, from liieir position or office, are 
sopposed to be most interested in the improvement of 
prisons, instead of adopting this course, had not learned 
and added those simple means which science and expe- 
lience have proved adequate to produce a very good de- 
gree of ventilation in prison-cells. 

In the new penitentiary at Philadelphia, the same sys- 
tem of flues is provided for ventilation, but with some 
difference of arrangement. There are several holes 
about three inches in diameter near the floor of the cell, 
passing through the wall into the exercising-yard, and 
several small, angular flues passing off through the wall 
between the cell and the passage, about ten feet above 
the floor. The mode of heating in use is Perkins's 
high-pressure system, a pipe passing through each cell ; 
some modifications have been recently made, but there 
is no separate moving power for venlilalion-t We are 
not surprised to learn from the reports of the Prison 
Discipline Society, that " the air is confined in the 
cell." 

We wish it to be distinctly understood that we make 

• Dr. Bell'B Letter to Iba Mayor of Boston, on o Plan for a new 
CilrPrison,p. 9. 

"i Eoport of the Pennsylvania Penitentiary for 1846, p. 36. 
23* 
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no objection to the system of flues. No ventilation can 
be carried on without a proper channel for the 'introduc- 
tion of fresh air« and another for the removal of thit 
which has been vitiated. The point we wish to urge is 
this, that it does not necessarily follow, because a cell is 
furnished with flues, that there is always a strong current 
through them, or even that they act at all. We feel 
confident that there are seasons in which they have do 
eflfect whatever, — in which they are utterly useless for 
the purpose intended. Neither would we wish to deoy, 
that, at the time when visiters usually enter the ceDs 
of a prison on the Auburn plan, when the prisonen 
are at work, the night-buckets removed, every thing 
clean, and the windows opened, there may be nothing 
ofiensive to the smell. But we believe the flues have 
very little to do with this state of things, or in pre- 
venting an opposite state of the air in the night, when 
the prisoners and their buckets are in the cells, and the 
windows closed. Still, we would not have the flues 
filled up, and we should be sorry to see a prison buih 
without them, — not for the good they have done or are 
now doing, but for what they may be made to do by 
adding to them an efficient moving power. While a 
prison is building, they can be constructed with very lit- 
tle, if any, additional expense, the saving of materiak 
counterbalancing any little extra care in forming them. 
After a building is once finished, especiaUy a prison, it 
is very difficult to introduce them in any place wilhoul 
>reat expense and trouble. 
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It is a common impression, that a room should be 
large to be well ventilated. It has been remarked with 
regard to the prison-cells, that, if they were larger, 
much less inconvenience would be experienced. If the 
remark is intended to imply that a larger room will hold 
more air, and will consequently require a longer time to 
become equally vitiated with a smaller room, it is no 
doubt true. But if it is meant that the larger room can 
be more easily ventilated, a little consideration will show 
that this is an error. All that is required for the most 
perfect system of ventilation is, that the air shall be 
pure, properly tempered in heat, moisture, velocity, and 
not a second time presented to the organs of respiration. 
These conditions of the atmosphere could be produced 
in a room containing one hundred cubic feet as well as 
'in an Auburn cell which contains twice as many cubic 
feet. It is true that it cannot be accomplished by spon^ 
taneoiLS ventilation^ nor without an active moving pow- 
er ; but with such a power it can be done constantly 
and effectually. 

Either of the two modes we have pointed out could 
be adopted for producing a constant and equable move- 
ment in the air of the cells. If the corridor were made 
tight, with double windows, or in any other way, so that 
no air could escape from it except through the ventila- 
tors of the cells, and this corridor were flooded with 
fresh air properly tempered, which we have shown can 
be done by a properly constructed fan, the point will be 
attained. It will also be equally attained by connecting 
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all the chimneys in one la^e trunk, throi^h wUch the 
foul air may be conducted to the base of a chimoef- 
shaft, either upon the building or upon the grouDd, in 
which there is a sufficiently powerful draught. Whidi 
of these two plans would be most advisable must depead 
upon circumstances. 

We propose to present a full account of a model 
prison, and the details, so far as they relate to its vrtmr 
bg and ventilation. It is that of the Pentonville prison, 
the description of which has been published in the Pa^ 
liamentary Reports ; it will serve to show that odc, at 
least, of the plans just mentioned, is perfecdy practi- 
cable. 

The objects of this prison and the subjects of its dis- 
cipline are somewhat peculiar. Every person admitted 
to this prison is doomed to transportation under a 6rst 
conviction, and is between the ages of eighteen and thir- 
ty-five. The imprisonment is intended as a period of 
probation, and is not prolonged beyond eighteen months; 
an opportunity of learning those arts which will ena- 
ble the convict to earn his bread is afforded him, under 
able instructers ; moral and religious knowledge is im- 
parted to him. At the end of eighteen months, when a 
just estimate can be formed of the effect produced by 
the discipline on his character, be is sent to Van Die- 
men's Land ; there, if he has behaved well during his 
probation, he at once receives a ticket of leave, which 
is equivalent to freedom, with the certainly of abundant 
•naintenance, the fruit of industry ; if he behave indif- 
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erently, he is transported to Van Diemen's Land, there 
bc> receive a probationary pass, which will secure to him 
taly a limited portion of his earnings, and which will im- 
pose certain galling restraints on his personal liberty ; if 
he behave ill, and if the discipline of the prison be in- 
effectual, he will be transported to Tasman's Peninsula, 
there to work in a probationary gang, without wages, de- 
prived of liberty, — an abject convict.* 

This prison is situated on an elevated part of Penton- 
TiUe, northwest of London, and about three miles from 
the city proper. 

The cells are thirteen feet long by seven feet wide, 
and nine feet high to the under side of the arched ceil- 
mg, and contain each about 820 cubic feet of space. 

The window-frame is of strong cast iron, and is glazed 
with fluted glass ; and, in order to prevent communica- 
tion between prisoners in adjoining cells, it is a fixture. 
Additional security is obtained by the insertion, on the 
outside, of two wrought-iron bars, so placed as not to 
intercept the light. 

Each cell is fitted up with a soil-pan and trap, and a 
copper basin for washing, with waste-pipe, &c. The 
soil-pan and the parts connected with it are of strong, 
glazed earthen ware, which is much cleaner, cheaper, 
and greatly to be preferred to iron. The cells are light- 
ed with gas. 

■ - 

* Sir James Graham's Instructions to the Commissioners for the 
Goremment of the Pentonyille Prison. 
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VetUilation of the Celb. — The ventilation of a cell 
cannot fail to have a direct influence on the health of a 
prisoner, and it is therefore one of the most inoportant 
objects connected with the construction of prisons. As 
there is no difiiculty, and but little expense, in efiecting 
it, on a principle which insures a uniform action, the 
necessary arrangements are adopted in all new prisons, 
and the same principle has been successfully applied m 
many of those which are already built. The means of 
warming the cells, when necessary, is another point 
which claims attention, and in winter is inseparably con- 
nected with ventilation. 

The necessity of resorting to an artificial system for a 
regular supply of fresh air at all times and seasons iriD 
be apparent, when it is considered, that, with a view to 
prevent communication between prisoners in adjoining 
cells, it is necessarv that the windows should be fixtures, 
and the doors i:enerallv closed. 

The main objects to be attained aav be thus stated : — 

1st. The withdrawal of a stated quantity of foul air 
from eaoh cell. 

•2d. The i:^.:rotiuciion of an equal quantity of fresh air 
into e^oh cell, wiihout subjecting the occupant to the 
prejudicial en'ect of a draught. 

Go. The ir.car.5 of warrains the fresh air when neces- 
\v::ho::: i:r::r*r.c ::s cualiiles or adectin^ its hvgio- 






-i:h. Thi: r.o :-.v:v:i:-or,i'. faci lilies tor the transmissioo 
of sc;:::i shcu.i le urcrcec bv die ax-chaiLDels or flues. 
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The general disposition of the flues and apparatus for 
Fig. 53. 




jfiecting the several objects proposed will be best un- 
lerstood by refeniDg to fig. 53. 
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A B, the cold-air flue, bringing air to the healiog ap- T 
paratus. C C C, rooms connecled with the healing ap- h 
^,. T\ T\ »^»:^ f\.^.>i... .,.»^.« ^1,. a,.^ :» .*.ui.«L. »» l 
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paraiiis. D D, main fresh warm-air Sue, in which are 
placed the flow and returo pipes, seen in section. From 
lliis flue, which extends the whole length of the corridor, 
flues, E E E E, conduct the warm air to the lop of 
each cell. After passing through the cell, the air Gnii! 
its way into ihe foul-air flues, F F F F, which open at 
the bottom of the cell, and escapes into the main foul- 
air trunk, H, which extends over all the cells, and 
through that to the disc barging- shaft, K K. L is a di- 
vision in the shaft, keeping the two sides of the prison 
entirely separate. I is the fireplace, for producing ven- 
tilation in summer. The dotted lines, G G, indicate 
the position of the smoke-flues of the beating apparatus; 
the smoke is seen escaping into the discharging-shsfti 
K. The smoke and heated air produce a sufficient 
ventilation in winter. A fireplace, similar to that upon 
the right side, at I, is also placed upon the left side, but 
is not seen, as the section upon liiat side is through a 
plane anterior to that iu which the fireplace is situated. 

It will be observed, that an apparatus for warming the 
air, when required, is placed in the centre of the base- 
ment story of each wing. This apparatus consists of a 
case or boiler (fig. 54, p. 283, where it will be more 
fully described), to which pipes, adapted for the circula- 
tion of hot water, are attached. In connection with it, tiie 
large flue, A B, ffg. 53, opens to ihe external atmosphere. 

The fresh air mtroduced through this opeoing, tfter 
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passing over the surface of the boiler, turns right and 
left along a main flue, D D, which runs horizoDially un- 
der the floor of the corridor, and from thence passes 
upwards through small flues, E E E E, preserved in the 
corridor wall, which terminate respectively in a grating 
placed close under the arched ceiling of each celt on 
Ihe three stories. 

A current of air may thus be introduced from the ex- 
terior into each ceil ; and it is obvious that it may be 
warmed, or left at its natural temperature, as circumstan- 
ces require. 

This channel for the introduction of fresh air would, 
however, be of little avail in furnishing the supply re- 
quired, unless corresponding arrangements were made 
for extracting the foul air from the cells, which, under 
ordinary circumstances, is the first movement that will 
take place. For this purpose, a grating is placed close 
to the floor of each cell, at F F F F, on the side next 
the outer wall, and diagonally opposite to the point 
where the fresh air is introduced. This grating, which 
is three feet long by sis inches wide, covers an opening 
which leads to a flue twelve inches long by four inches 
wide in the outer wall, opening at its upper extremity 
^■to a horizontal foul-air flue in the roof, which commu- 
iPnicates with a vertical shaft raised twenty or twenty-five 
feet above the ridge. 

It will thus be seen that a communication is estab- 
lished, first from the outer air through the warming ap- 
paratus to the top of each cell, and thence from the 
24 
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floor of each cell upwards through ihe extracting flues 
4B(1 veotila ting- shaft ioto the outer air agaio. By tiat 
Rrrangenient the total lengths of each pair of flues r9- 
spectively made use of, for extracting foul air from the 
cells and introduciag freah aii into them, are rendeioJ 
nearly equal in all the stories, — thus promotiog uoiform- 
ity of action. 

Ohjectiona may be urged against the principle of mak- 
ing the point of entry of the fresh air at the lop of (Iw 
cells, and extracting ihe foul air from a lower level ; and, 
as an abstract matter of science, without reference to 
certain practical objections, it is certainly a question 
whether this order should not have been reversed. 

When, however, it is considered that each cell con- 
tains 800 cubic feet of space, and is occupied by only 
one iudividual, — that a ventilation of upwards of thirty 
cubic feet per minute has been secured, — and that a 
perfect difiusiou of air takes place nitliin the cell, — it 
will be apparent that there is no object in sacri&cing 
other important and practical considerations to obiaia 
the upward movement. 

It will be seen, also, that the ascending principle of 
ventilation of the entire system is preserved, and that 
tfa^ extractioQ of foul air from the cells is partly to ba 
referred to the superior altitude of the extracting flues 
and shaft, which are in and above the roof. If the foul 
air were required to pass dgienwards, bt-loa Ikejloor of 
the cells, into flues situated in the basement, a power 
H^^st be maiiitained in constant operatloa to ov^qo|]rq 
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the tendency of air at a higher temperature to remain at 
a higher level. The ventilation in such a case would be 
entirely forctd ; whereas, by ihe arrangements which 
have been described, it only requires to be asHsttd. 
From the diffusion which tiikes place, the difference of 
lemperature at the ceiling and floor of a cell can scarcely 
be detected, and will seldom exceed one degree ; and it 
may be inferred that the difference of power required for 
exiracting the air at one or other of those levela would 
be inappreciable. But even if it led lo an increased ex- 
pense in the consumption of fuel, it would be an object 
to secure the advantage of introducing the air at a point 
not easily accessible lo the prisoner, and from which he 
wotild not be likely to experience any inconvenience. 

Among other reasons, it may be stated that the ef- 
fect of inirodncing the air at a low level would be, that, 
when the fires were not lighted, the prisoner would be 
sensible of the draught of cold air, and would devise 
some means of stopping up the grating ; and during the 
cold weather, when the air would be warmed, he would 
probably ait or lie down close to it, and be enervated by 
its effects. 

Having thus given a brief and familiar explanation of 
Ihe principle applied, and the disposition of the flues for 
ventilation, the application of the motive power — by 
which ihe regular abstraction of the foul air from the 
cells and a supply of fresh air in its place are insured — 
will be easily understood. 

The main flues in the roof, intended for the extraciioa 
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^^H of foul air from the cells, are coDnected with ihe vertical 
^^H shaft, which appears Id the seclioD, Gg. 53. During the 
^^H summer months, a small Gre is mainiaiiied at the bottom 
^^H of this shaft, which raises the temperature of the columD 
^^H of air within it above that of the external atmosphere, or 
^^H lite general temperature of the cells, and thereby causes 
^^H it to be specifically lighter. In this state it naturally 
^^H rises, and the partial vacuum thus formed is filled from 
^^H the adjoining foul-air flues. These main Sues derive 
^^^ their supply directly from the cells, and the cells re- 
ceive ihrougli the proper channels a corresponding sup- 
I piy of fresh air to replace the foul air which has been 

^^H abstracted by the vertical shaft. 

^^H The quantity of foul air withdrawn from the cells will 

^^^ Boainly depend upon the degree of temperalirre main- 
tained in the venlilating-shaft. Under ordinary circum- 
stances, if an average difference of from 5° to 10° 
above (he external temperature be maintained, il will be 
found sufficient to produce the desired effect. Tbe 
consumption of fuel for this purpose in the Penlonville 
prison has been about one hundred weight per diem for 
one wing, containing 130 cells, it having been (he prac- 
tice to light tbe Are, of which there is one on each side 
of the corridor, on alternate days. The cost of effect- 
ing the summer ventilation, at the present price of fuel, 
has been about twenty-eight cents per diem, or less than 
one quarter of a cent for each cell. During the winter 
months, when the fires are lighted in the apparatus be- 
loWf the smoke and disposable heat, beiog thrown into 
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the veDtilating-shaft above the upper cells, are fouad 
sufficient to secure an effective ventilation, and no fur- 
ther trouble or expense is necessary. 

In the foregoing explanation it liaa been assumed that 
the atmosphere is stagnant, and no allowance has been 
made for the advantage derived from the pressure of llie 
air at the point where it enters the flues, which, even in 
a moderate breeze, has a very favorable influence in 
producing a more active circulation. Tbis additional 
force, though it cannot, of course, always be depended 
on for producing ventilation, will greaily assist ii, and the 
action of a very moderate fire will, under any circum- 
stances, insure it. 

Warming. — In all cases in which it may be necessa- 
ry to warm the fresh air required to be supplied to an in- 
habited room or cell, it is essential to beahh that the in- 
creased temperature should be derived from a moderate- 
ly healed surface ; hence the advantage of using water 
as a medium of heating. In a hot-water apparatus of 
ordinary construction, the temperature of the surfaces, 
when exposed to a current of air, will never reach the 
boiling point ; and it is obvious that they may be regu- 
lated in any lower degree that is likely to be practically 
uneful. 

Ad apparatus of this kind is, therefore, to be prefer- 
red to any of the stoves in general use in this country, 
though for certain purposes the latter may be made 
available, and the difference of expense occasionally 
makes it an object to use them. They cannot, howev- 
34* 
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^H er, be recommended for cells designed for separate cod- 
^^H fioement for loog periods. 

^^H The conditions prescribed for a warming apparatus 
^^H for PentonvIUe Prison were as follows : — 
^^H ' 1st. That tbe entire radiating surface should derire 
^^H its temperature from tbe circulation of hot water, and 
^^^ that it should be of such an area as would mainiain i 
' temperature of 60° in the cells, when the external tV 

mosphere was at 32'-' ; funher, that, under ordbary ci> 
^^H cumstances, the temperature of tlie heating surface 
^^M should not range above 100^ to 120^ of Fahrenheit. 
^^H 2d. That there should be provision made for increas- 
^^H itig the area of the radiating surface in tbe maju flues in 
^^H proportion as its temperature tnight be lowered by an iu- 
^^^ creased distance from the boiler, in order to preserve an 
equality of temperature in those cells farthest from the 
central point. 

3d. Tbe means of reducing the quantity of radiating 
surfaces in the main flues to meet tbe effects of any rise 
in the temperature of the external atmosphere. 

4th. That it should be simple in its construction, and 
in all the arrangements connected with it, and with the 
TentilatioD ; in order that a labbrer or any servant of 
the prison might be competent to take charge of its 
management. 

Tlie general form and disposition of the apparatus 
may be seen in the sectiwi, 6g. 53, and plan, fig. 54. It 
may be briefly described as a double iron case, of a size 
suited to circumstaaces. The space between (be two 
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cases is filled with water and becomes the boiler ; the 
-fire ia lighted in the mterior, but b not brought in cod- 
tmct with the sides or top. 

From the top of this boiler a risii^ main communi- 
cates in the usual way with any number of pipes that 
may be required, and the return pipes are introduced at 
the bottom. 

The external case of the boiler is of cast iron, and is 

covered with vertical plates, about seven inches deep 

Tig. 54. 
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and three eighths of an inch thick, placed about 6ve 
inches apart, and disposed in zigzag lines over ibe 
whole surface. The preceding diagram, fig. 54, is a 
horizontal section of the boiler, &c., through ihe grate. 
B B B represents the brick-work of the air-chamber ; 
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S S S, the water-space foraung tbe boiler. Between 
these are the vertical plates. 6 is the grate, and I), 
the fire -door. 

When the apparatus is set in brick-work, these plates 
occupy the interior of the air-flue which surrounds tbe 
boiler, and they serve several useful purposes : they be- 
come part of the radiating surface ; more of the air ci^ 
culating through them is brought in contact with heated 
■urfaces ; and being cast upon the outer case of ibe 
boiler, and deriving their temperature from it, the gro* 
eral temperature of the whole apparatus is lowered U 
consequence. 

Wheo it is found necessary to reduce the teraperalure 
within the prison, the circulation of water within ibe 
pipes which are disposed in the main 6ues may be cut 
off by a slide valve placed in the main, leading to tbe 
flow pipe. The only radiating surface then available 
would be that which has been described in the fresh-air 
flue in connection with the boiler ; and from tbe fire be- 
ing placed in the interior of a large open case, and not 
being in contact with the sides, ihere is no difficult in 
maintaining the surface at a very moderate degree of 
heat. 

The arrangements which have been in operation for 
ventilating and warming the cells, and maintaining an 
equable general temperature within the prison, have 
been attended with complete success, and it only re- 
mains to explain the mode in which a prisoner may 
bare it in his own power, in special cases, to r^ulate the 
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temperaliire of his cell, when artificially healed, without 
affecting the amount of ventilation. 

The experience hitherto gained would lead to the 
conclusion, that, if a temperature varying between 52° 
and 60° be maintained during the winter months, there 
will be about one or two per cent, of the prisoners, who, 
from constitulionnl habit, or other physical caiises, would 
be benefited by a temperature a few degrees above or 
below the average. And again, there are certain trades 
or employments carried on in the cells, inducing more 
physical exertion than others, which may also require lo 
be specially. provided for, the proportion varying with 
circumstances. 

To meet such cases, regulators have been fixed in the 
fresh-air flues of a small proportion of the cells, which 
enable a prisoner to admit warm air from the mam flue, or 
cool air from the corridor, at pleisuie, or to mix. the two 
in any proportion that may be found suited to his case 





■ •^Vbe-'dataila of a regulator for thb purp<»e uaj be 
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fig. 55. A A, warm-air flu6 ; B, opening 
la wall, by nhich cold air roaj enter from corridor; 
C C, walls beiween cell and corridor ; F, valve, repre* 
senied as entirely closing the warm-air flue ; wben llis 
cold-air passage is closed, this valve assumes ihe posi- 
tion of the doited line ; G, handle io the cell, al [he 
command of the prisoner, who can admit warm air from 
ihe flue, or cold air from the corridor, al pleasure, 
The opening into the corridor is of the same dimension 
as those of the warm-air flue, twelve by six inches. 

Il has not hitherto been found necessary to provide 
regulators, except in a smalt number of cells ; as, how- 
ever, ibey will cause but a triBing addition to the es- 
peil3e in any new prison, and will render all the cells 
equally available for any prisoner or any kind of eraploj- 

;nt, it is recommended thai they should be adopted. 

By maintaining in the main dues a degree of beat cal- 
culated to produce the maximum eflfect required, a pris- 
oner would have the power of keeping his cell at any 
temperature between that limit and the temperature of 
the corridor, which can be so regulated as to produce s 
I effect. About 5° or 6° will be found a suffi- 



cient range to embrace all the special cases which have 
been referred to ; and it is only in such cases that any 
alteration in the original adjustment will be found neces- 
sary. 

A few cells immediately over the steam boilers io 
the kitchen, and those adjoining the flues of the appara- 
tus] required a special provision for keeping them at 
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same goneral tempenlura aa tbe others ; and it bas 
D effected by placing a ventilator in one or more 
Fig. ce. 
Inside. 



Glass. 
Outside. 



Glass stopper 
for closing 
openbg) indi- 
cated by • ■ • • 



Hires of the window. It was a great object to pre- 
it the transmission of sound, and to leare the regula- 
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tioD of the opening at the coraonand of the prisoner. 
The contrivance adopted was found to answer the piur- 
pose, and is detailed in figs. 56 and 57 ; 56 being a ye^ 
tical, and 57 a horizontal, section of the triple glass 
window. The glass stopper indicated in the section is 
movable, and can be made either horizontal or vertical 
by turning on pivots in the upper edge ; when vertical, it 
entirely closes the opening. 

It is said, the experiments made on the hygrometric 
state of the cells have indicated, that, in consequence of 
the radiating surfaces being kept at so low a tempera- 
ture,* no change of any consequence takes place in the 
condition of the air introduced into them ; and the means 
that were prepared for restoring artificially any moisture 
which might have been abstracted from the atmosphere 
have not, therefore, been applied. We do not see, how- 
ever, that any diminution in the amount of moisture in 
the air can be produced by heating it ; nor that any 
more moisture would exist in air which had been heated 
to 100^ only, and then cooled to 60^, than in that which 
had been heated to 200^ and cooled to the same temper- 
ature of GO'^. Air saturated at 60^ and afterwards heated 
to 200^ will still be saturated when again cooled to 60^ 
As it is a great object to preserve the utmost simplicity 
in the arrangements for ventilating and warming the 
cells, and, if possible, to confine the management to the 
act of attending the fires, all contrivances for meeting 



0<^ 



!.T|ie gtnend temperature of the radiating surfaces in tbemiii 
« has varied from 75<> to 90<>. 
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possible events and contingencies have purposely been 
omitted, and, as far as present experience extends, every 
object which is really essential has been attained. 

A series of experiments has been carried on, at the 
request of the Commissioners for the government of the 
prison, by Dr. Owen Rees, the principal medical offi- 
cer of the establishment, by which the subjoined facts 
are established. 

1st. That from thirty to forty-five cubic feet of pure 
fresh air is made to pass into every cell in a minute ; 
and that this amount of ventilation is maintained with ex- 
traordinary regularity. 

2d. That this abundant ventilation, and a temperature 
ranging from 62° to 60°, can be uniformly maintained 
in the cells, during the coldest weather, at an expense of 
less than a farthing a cell for twenty-four hours.* 

3d. That the same degree of ventilation is edected 
during the summer months at less than half that ex- 
pense. 

The following tables, extracted from Dr. Rees's re- 
port to the Commissioners, show the equality of the 
temperature within the cells, and the adjusting power of 



* In the coldest Veather of the winter 1842-3, the qaantitj of 
foel consamed at Pentonville Prison was from two to two and one 
half cwt. for each apparatus in twenty-foar hoars, bj which sixty- 
nx cells and the adjacent corridors were warmed and ventilated ; 
but in 1843-4, in consequence of the flues being quite dry, the con- 
sumption of fuel was only one half the abovenamed quantity, and 
the cost of warming and ventilating each cell amounted to less than 
one farthing for twenty-four hours ; the price of coal in each case 
being 2&s. Qd. per ton. 

25 
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the apparatus and flues in retaining that equality inde' 
pendent of sudden changes in the external atmosphere. 

No. I. 
Table of recorded Temperatures for the Month of Fek- 

mary, 1844. 
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In the record for January it will be observed, tbat, on 
the tbird and fourth of tlie month, ibe minimum tenipera- 
bire of the external atmosphere was 22° and 23P, and 
&e minimum temperature of the cells 57°. On the 
fifth and sixth, the external thermometer rose to 42° and 
46^, and the cells were at 57° and 58°, showing a rise 
in the external temperature of 24°, which afi'ecled -the 
cells only 1°. 

The power of self-adjustment is chiefly due to the 
nonconducting nature of the materials of which the main 
flues are constructed. In consequence of the pipes for 
radiating heat being advantageously disposed in these 
flues, the mass of brick-work becomes gradually heated 
to a moderate degree, and imparts a genial warmth to 
the current of air passing over the large extent of surface 
which it presents. 

It will be apparent, from a consideration of these cir- 
cumstances, that, independently of the protection against 
the fieissitudes of the climate derived by a prisoner, 
there is another important object secured by the uniform- 
ity of temperature maintained by these means. It pro- 
tects him against the effects of the neglect of the person 
to whose charge the warming and ventilation of (he prison 
may be intrusted ; for, the quantity of fuel for producing 
(he required temperature being determined, the manage- 
ment of the apparatus may be safely iutrusled to a subor- 
dinate officer, who, if required to exercise in the least 
degree his own discretion, would be almost certain to 
make mistakes that would lead to ii 



392 PANTONVILLB PRISON. 

In the course of the experiments made, on the first 
occupation of the prison, in order to ascertain the power 
of the apparatus, it required ten days or a fortnight to 
produce any material influence on the general tempert- 
ture ; but when the proper degree of warmth had been 
once acquired, and the time and quantity of coal to pro- 
duce the effect had been ascertained, no further difficul- 
ty was experienced, nor can any be now anticipated.* 

The fires are visited at stated hours, a certain quanti- 
ty of fuel, depending on the season, is supplied on etch 
occasion, and there is nothing more connected with the 
ventilation and warming to be attended to by the person 
in charge. 

In the foregoing account of the English model prison, 
we have followed strictly the Report made to Parlia- 
ment after it had been in operation two years. We 
cannot, therefore, doubt that tlie arrangements will con- 
tinue to answer the purpose intended ; neither have we 
any doubt that the same plan would be found equally 
successful in New England, with some slight modifica- 
tions. Those which will probably be found most desira- 
ble are in the healing apparatus. The changes in tem- 
perature are greater and more sudden in New England 
than in England or the Canadas, and we should find it 
next to impossible, with an apparatus like that described, 
to keep the temperature of the cells within the limits 



* These points are explained more in detail in an extract from i 
report by the medical officer of the prison, inserted in the Appendix 
to the Parliamentary Report on the Pentonville Prison, for 1844. 
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Bhown in the pi e cedii ie tables. The kind of appan- 
Wn to be added is that which can be hro«ht into action 
qaickly, and as qaicklr withdrawn, leaiinc the reeular 
■nd steady supply of heat from the hoc-water pipes for 
■11 ordinary occasions. These requisites are most 
easily met by the use of steam. If a separate boiler, 
with a steam-pipe extendii^ throogh the same spaces in 
which the hot-water pipe is jdaced, were prorided, and 
situated near the first boiler, the two could be couTcn- 
iently attended by the same person, and brought into 
action as soon as required. It may be a question with 
some, whether steam would not in all cases be the best 
vehicle for beat, instead of hot water; we r^ard it, 
however, as a sufficient and a decisive reason for the use 
of hot water, that the temperature should be beyond the 
influence of any irregularity in the attendance on the fire. 
By the arrangement proposed, whatever little irregulari- 
ty might occur in the management of the steam-boiler, 
it could not affect the cells beyond a certain point ; the 
hot-water system would, under such circumstances, 
prove a regulator. 

As the windows are fixtures, there can be no objec- 
tion to the use of double windows, or, if they are not 
fixtiu'es, of making them double in winter. It is also a 
question, whether some substitute for a double wall, in 
the construction of the cells, may not be iDtroduced 
without weakening the structure, and at the same time 
afford additional security against commuDication between 
the prisoners. 

25* 



We ire satisfied^ fiom what we Ittre seen and Iienti 
eft oar priaoiB^ ihtf the oficcn »e nol soiBcieDtly aware 
cc tbe edSecc of dcfictenft veDtiaiion upoii bealib, or of 
ite iflspertecdoQ oft* the mechaokal meouia bj which fad- 
UBciua is uswStw anempied. It is h^hljr important thu 
iheT ihcMiiii hesre the priaetplM of the art ; and it is ooljr 
Arougti die inriii i fre of a koowkdge of these prioci]des 
Aac we caa hope that those who hare the charge of pris- 
vtU be tniiuced lo bestow npoo anj srstem the at- 
OQ necessarr to produce a ouferm and satisfactoiy 
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It b QBoecessarT to orse the iaspoitance of ventbr 
eco in hosoitals* le former times the oomber of deathi 
firom the ne^ecc of it was so creat. that it mar well be 
doubced whether these insotiitioas did not destroy manj 
nore 3««s than they sared. The works of military siff>- 
jeeons abocind with tostanccs showinc, tbat^ howerer de- 
6cieoc bo^icak may be io what is usually judged neces- 
s^LTv to the successful treatment of the sick and wound- 
ed« if theT are well Tenulated, the results are iar more 
&Ycnible than when this fast alooe is wanting* and all 
tbe sUxKids. It is owing to thb cause that their pa- 
tiect$ biTe often done so well in ill constructed bams, 
while similar cases^ in well appointed hospitals, hare 
ivtmiLiated in death. 

There are some diseases which are still prevalent in 
ho$pitaIs> and at times make dreadful hav^oc, which, if 
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Dt direclly produced by deficient veotilation, are cer- 
linly much aggravated by it. In some of the beat con- 
lucted hospitals, a disease known under the name of 
rysipelas bas aiiacked every patient liaving an open 
vound, and compeUed the surgical officers to decline all 
tperations with the knife. Tliis disease has in some 
ostances spread so rapidly, attacking all patients, both 
nedical and surgical, that it became necessary to close 
he wards entirely, and submit die whole building to a 
thorough painting and whitewashing- Many arguments 
Bould be adduced, were this the proper place, to show 
that this disease is dependent, in a great measure, upon 
deficient ventilation ; cases could be cited of badly ven- 
tilated hospitals, in which this disease was prevalent, and 
ID some almost constantly prevalent, from which it dis- 
appeared, either wholly or in part, immediately on the in- 
troduction of a sufficient and steady supply of fresh air. 
It is not to be supposed that a perfectly ventilated hos- 
pital will have less of a disease than is due to the locali- 
ty in which it is placed, for, undoubtedly, many diseases 
are peculiar to certain places ; but it is to be presumed 
that the frequency of such disease may be prevented 
from becoming greater than is due to the locality. 

When we consider the influence upon ibe sick of a 
heavy, stagnant air, vitiated by respiration, perspiration, 
and the various emanations, many of them peculiar to 
disease, we can have but little doubt that the disorder 
we have just mentioned, and the other complications so 
often observed in hospitals, are consequences of defi- 
cient ventUatioa. 
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Id ihe veotitaiioa of a hospital, the requisites which 
wn to be most coosiantly bome in miad are these. 

1. Tbe veoiilaiion should ha coDstant, day and Dight, 
■ad throughout the whole year. If during pleasasi 
wodirr in summer a proper inOT-ement of the air cm 
ba obtained by means of windows, it is well ; but a pow- 
er should always he at band, nhicb can he applied dtir< 
ii^ unpleasant or calm and sultry weather, when the 
fonoer mode would be insufficient. 

3. The amount of veotilalion should be such thai the 
sense of smell can detect no dilFerencc in freshness and 
purity between the air of the ward and the external ai- 
iDosphere. This, with a properly directed current, can 
be obtained by giving each patient about twenty cubic 
feel of air per minuie. 

3. The air, as it rises from the lower parts of the 
room, should move directly upward, that the emanations 
firom one bed may not be mingled witli the air passing la 
another. 

The arrangements by which these intentions may be 
best answered will depend in a great measure upon ibe 
construction of tlie hospital, and the class of diseases 
which are to be treated in it ; the insane, for instance, 
will require very great modifications of ihe system adapt- 
ed to the wants of a general hospital. 

Gtneral HospilaU. — In this country general hosp- 

s receive, as patients, those surtering under any dis- 

ie. whetlier surgical or medical, with the exception, in 
lome iosianceS] of contagious diseases and insanity. 
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In general hospitals the causes of impure air are more 
numerous and active than in any other buildings contain- 
ing ihe same number of individuals. Besides providing 
a remedy for these, it is very important that the emaua- 
&ons of the sick should be prevented from difTusion 
through the ward, both on ihe score of health and the 
comfort of the paiients. The arrangements for heat and 
ventilation should have particular reference to these 
points. 

It will be found to simplify the arrangements, and ren- 
der the warming and ventilating more steady and certain, 
to have an apparatus for each story. Upon well known 
principles, when two pipes lead from the same hot-air 
chamber to different stories, the upper apartments will 
receive the most, if not all the heat. When the valves 
are under the control of those in the apartments, in cold 
weather the lower story must wait until the upper is 
wormed to the desired temperature before the lower can 
receive any heat. When the heating apparatus is sup- 
plied by s.team or hot water, no additional expense will 
be incurred from adopting the arrangement proposed, as 
it does not necessarily imply a greater number of fires, 
but merely a different distribution of the radiating appa- 
ratus. 

Trunks leading from each of the hot-air chambers 
should be placed in the walls, in tlie manner already de- 
scribed in our remarks on ventilating other buildings, — 
each trunk communicating only with the particular story 
il is intended to supply. These trunks may be made of 
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wood, or, what would be better, of wood inclosing zinc 
tninks a little less in size, which would not only, ihroitgb . 
the influence of the air between the two, prove LeItBf ■ 
Btm-conduciors, but would not be liable to crack froB 
shrinking. There should be at least one of these irua 
for each side of the room they are intended lo supp^ 
On reaching the level of the floor of the ward, iheaii 
should find its way to the right and left into a horizon 
trunk taking the place of the base or mop-hoard, throng 
holes in the anterior surface of which the fresh air may ' 
escape into the ward. At least two holes for the admis- 
sion of air should be provided for each bed, one beaeaih 
the bed and anottier at its side. These openings, to dis- 
tribute the air equally, must evidently be of unequal size, 
enlarging as they recede from the main trunk ; the rule 
for this enlargement is sufficiently obvious. 

Besides these openings, if the ward is large, it is de- 
sirable that air should be admitted through the middle of 
This can often be effected by placing a trunk be- 
neath the floor, communicating with a raised platform 
iimder a table ; from the riser of this platform the air 
pay be allowed to escape. 

This amount of diffusion — although even this could 
be extended with advantage — will be found lo conduce 
Tery much, not only to the health, but to the comfort, of'i 
the patients. Every patient, while in his bed, v 
a gentle current of air rising from all sides towards t 
ceiling, effectually repelling the emanations from I 
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The openings for the escape of foul air should be in 
the ce'iliag. The number of tbese must be determined 
by the size and form of the ward ; there is no necessity, 
however, for their being as numerous as those for the 
admission of air ; two or three will, in most cases, be 
sufficient. Trunks may lead from these, in the space 
l>eiween the ceilbig and floor of the room above, entire- 
ly concealed between the joists, to the side of the room, 
by which it can descend to the moving power, if upon 
the ground. 

The ventilation of the water-closets should receive 
especial attention. Those only who have been conver- 
sant with hospitals are aware how important it is that a 
constant current into the closet should be estabhshed. 
The convenience of the patients requires that these offi- 
ces should be as near the wards as possible, and any 
mismanagement of them will be perceived in all the 
wards connected wiih them. We shall have occasion, 
in a subsequent chapter, to describe the kinds of appa- 
ratus which are found to answer best. It will be suffi- 
cient to say here, that the current of atr should pass 
from the ward into the closet, and through the seat, c 
its way to the exit-Sue. This is a very simple, and ex- 
perience has shown it to be a very effectual, mode of 
preventing any emanations from ihe^^oil-pan . It is of- 
ten a great convenience to those patients who may be 
able to sit by their bed-sides, and yet not able to leave 
the ward, to have a movable close-stool. All odor 
from this may be prevented by placing a small exit-tube 
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behind the ceiling, about two feet from the floor, piss- 
ing around the room horizontally, and commuaicniag 
with the chimney, or other flue, in which there is i 
strong draught. At the side of each bed should bei 
smaller tube, joined to the first at a right angle, lod 
opening into the room through the plastering ; against 
this can be placed a corresponding tube io a properif 
constructed stool, aU effluvia from which will then pis! 
t>flf by the tube. Those tubes which are not in ose 
should be closed. 

Unquestionably, the moving power for the ventilatioii 
of a hospital should be heat in a chinmey-shaft ; no other 
moving power is so constant and equal in its action, b 
the construction of a hospital, or in making additions to 
one already constructed, this should always be borne b 
mind. Where, however, the buildings are already cob- 
structed, and are furnished with exit-flues opening into 
the attic, great advantage would be derived from the use 
of a fan driven at a proper speed. The point at which 
it can be applied with the greatest ease will be found to 
be in the trunk supplying the various heating apparatuses 
with cold air. The resistance offered by small flues, 
when air is thus propelled, will be found to be very con- 
siderable ; much greater than is generally supposed. 

Whether the ventilating-chimney should be upon the 

building, with the fire at the level of the highest ventilat- 

ing openings, — that is, just above the ceiling of the upper 

^ory, — or whether it should be upon the ground, must 

P^nd upon circumstances. Bringing air down to the 
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ground will always be attended with some loss, and will 
always require forced ventilation, unless a double sel of 
flues be provided ; if it ascend directly, it will require, 
for an economical use of fuel, a tower or chimney at 
least twenly-five feet above the top of the building, 
which will usually give a column of healed air aboJt 
thirty-five feet in length. With the latter, the ventila- 
tion will be assisted, and not necessarily always forced. 
In constructing a building, ihe ascending plan can be 
adopted with great advantage ; in old buildings, it will be 
found better to bring the vitiated uir lo the ground, both 
on account of the security of the foundations and protec- 
tion against fire ; the symmetry of the building, also, will 
often make it advisable. 

Ventilating-flues are frequently carried np in contact 
with a chimney containing a fire, that the air in the flue 
may receive the heat transmitted by the chimney. This, 
under some circumstances, may be advantageous (see 
page 259) ; but, in constructing a building, it cannot be 
considered as the best mode. The quantity of mate- 
rials, and consequently the space occupied by them, will 
be great where the flues are numerous, and will become 
a serious objection. To this we may also add the in- 
creased resistance in small flues. It is true, where a 
chimney is used for other purposes than for ventilation, 
we can better command the draught in it with the flues 
so arranged, than where they are admitted directly into 
it ; and it is probably such cases which have led to the 
tdoption of this plan ; but where the chimney is express- 
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\y intended for ventilation, it will be better to admit Ae 
air at its base from a common trunk. If the air is Ml 
admitted at the base, but at some point above it, wA 
proper {urecautions the draught will be as steady and 
constant as it would be if carried up in a separate floe. 

A room warmed by an open fire, with warm air ad- 
mitted to supply the fireplace and give a genial tempers 
ture to the whole apartment, will be found exceeding 
comfortable to those convalescents who are able to leave 
the ward. The temperature of the ward may then be 
such as is most agreeable to those who keep their beds. 
Convalescents need radiant heat and the light of a fire, 
when they cannot obtain the benefit of sunshine. Inde- 
pendently of any other circumstances, it is believed, 
that, after a certain period, disease disappears more 
rapidly, and nutrition is more active, in those who are 
exposed to brilliant light than in those who are deprived 
of it. In a large apartment at St. Petersburg, which 
is used for soldiers' barracks, one side of which receives 
the full effect of the sun, and the other faces a dark court, 
it is said, that, although the discipline, food, temperaturev 
and access to air are the same on both sides, the number 
of cases of disease is three times greater on the shaded 
side than on that exposed to the sunshine.* 

In the Massachusetts General Hospital, tlie warming 
and ventilating arrangements have undergone various 
changes. It was originally furnished with Derbyshire 

* Letter to Viscount Duncannon, printed by House of CommoM^ 
■^ril, 1838, p. 6. 
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fiiniaces and brick flues opening into each ward. After 
« tune, fireplaces were introduced into the wards, and 
Cmt this purpose chimneys, which had been omitted in 
die construction, were buih. This change improved 
the state of the air, but not sufficiently to prevent the 
frequent recurrence of disease, which is believed to de- 
pend, in some degree, at least, upon deficient ventila- 
tion ; and additional change of air was attempted, by the 
removal of some of the panels of the doors, and supply- 
ing their place with blinds, through which the air could 
pass fireely. More lately, one of the Derbyshire furna- 
ces has been removed, and the mild hot-water apparatus 
adopted. From four hot-air chambers, each of which 
has a separate system of heating-pipes, four trunks lead 
the air to three wards and an entry ; these trunks enter 
at the floor, some giving a horizontal, and others a ver- 
tical, direction to the air as it leaves them. The foul air 
passes off at the floor of the wards, and escapes from 
the same chimney-stack that contains the smoke-flue, 
agamst which the foul-air flues are placed. 

Although the quantity of air passed through the wards 
is very great, — compared with the number of persons in 
them, quite as great as can be desired, — yet it has not 
that freshness and freedom from a close, disagreeable 
odor, which we should expect. This we attribute to the 
fact, that the pure air gets mingled with the vitiated before 
It becomes cool, and descends low enough to be breathed, 
on its way to the oudet near the floor. All inconven- 
ience firom this cause would be obviated by the plan of 
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diffusion so often pointed out in the preceding pagei. 
The inlet for the external air is at the surface of tiiB 
ground, and dust finds its way into the wards ; od one 
occasion, we observed fine coal-dust deposited upoo the 
floor and furniture, derived from a quantity of coil 
which had just been left near the inlet. 

In that part of the wing which has been just built, ud 
in the erection of which no expense has been spared to 
render it comfortable to the patients, a system of warm* 
ing and ventilating nearly similar has been adopted. 

The heating apparatus is placed in the cellar, and 
consists of two upright boilers, with the fireplace be- 
neath ; each of these boilers supplies three systems of 
pipes with hot water. The inlet for fresh air is at the 
surface of the ground, and is protected by a coarse 
grating. From this common inlet, cold-air trunks, two 
feet wide by one and a half feet deep, lead to the hot-air 
chambers containing the system of pipes, — one trunk 
to each chamber. Of these hot-air chambers there are 
six ; five for warming the entries, wards, &c., and one 
for the water-closets. The hot-air flues for the two 
wards are one foot deep and one and a half feet wide. 
The wards are about fifty feet long by twenty feet wide ; 
in the middle of the ward is a large chimney, about eight 
feet by twelve, containing the hot and cold-air flues ; and 
those of two fireplaces, at opposite sides of the chim- 
ney, in each ward. The hot-air flues open into the 
wards by an inlet two feet high by one foot wide, com- 
nianded by a valve. These inlets, of which there are 
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two for each ward, are at the floor, and on opposite 
sides of the chimney just mentioned. Directly above 
time inlets, at the top of the ward, and in the same 
chimney, are the foul-air flues, of the same dimensions 
as the inlets, and also commanded by valves. Two 
other outlets are provided on the sides of the room, 
opening at the floor, the flues of which are one foot 
square each ; and the fireplaces may also be used for the 
removal of vitiated air, the opening being at the usual 
place, on a level with the mantel. 

The water-closets are ventilated by two flues, each 
one foot square, one of which opens at the bottom, and 
the other at the top, of the closet ; the former for the ad- 
mission of warm air, and the latter for the exit of the vi- 
tiated air. 

These wards have not, as yet, been occupied ; con- 
sequently, any expression of opinion as to tfae efficiency 
of the ventilating arrangements would be out of place. 
With our present notions, however, a large chimney- 
stack b the middle of a room would not be considered 
as adding to the architectural beauty of the apartment, 
taking away from it that appearance of spaciousness 
which is so agreeable to the eye, and really interfering 
with a free circulation of air in summer, if it is to de- 
pend for ventilation principally, as we presume it will, 
upon windows. It is a question, also, whether the 
chimney may not interfere with the light, which it is of- 
ten desirable should fait directly upon the bed, for the 
examination of patients, or for the performance of oper- 
26* 
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ations for which it is not advisable to move the pi&st 
from his bed. *° 

Asylums for the Insane. — The modifications of tk bve 
ventilating arrangements of genera] hospitals, to idift le Ac 
them to asylums for the insane, are principally those | Th* 
which will protect them from impurities and obstne- 
tion. Those who are not conversant with the insw* Mir 
can hardly realize the constant foresight required in th |icdii 
respect, not only with regard to air-flues, but every tla| 
else connected with apartments and their furniture. » 1^ 
has not, so far as I am aware, been found practicable, I T 
generally, to admit warm air from flues opening near tbe^t^- 
floor. With some persons, in all asylums, no inconven- 
ience would be experienced from such an arrangement, 
or even with open fires ; but as apartments are not usual- 1 1 
ly sufficiently numerous in asylums to admit of classifica- 
tion to any very considerable extent, or at least with ref- 
erence to this single point, it is found better to provide 
flues opening at such a height that they cannot be 
reached. When opening at the floor, some patients will 
lie against, and thus obstruct them, besides injuring 
themselves by exposing the head to a strong blast of hot 
air ; others will thrust pieces of paper into them, or spit 
into them, by which the entering air is contaminated. 
In the McLean Asylum, at Somerville, Mass., which 
was erected without provision for ventilation, and was 
also deficient in many respects as an institution for the 
insane, many experiments have been tried, as successive 
additions have been made, and we believe the conclu- 
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B is, that it is better, in general, to admit the fresh air 
wm flues opening at the top of the room, or at least 
:>¥e the heads of the patients, rather than at or near 
• floor.* 

"IThe exit-flues, not being subject to the same obstruc- 
»3s, may open wherever it may be found most proper 

direct the current ; if the fresh-air flues open as just 
Motioned, the exit-flues must open near the floor. In 
^th cases the flues may be protected by covering them 
ith a coarse wire netting. 

The same moving power will, of course, be required 
I asylums as in the general hospitals. 



* This institation was, during about sixteen years, under the 
large of my father, the late Dr. Rufus Wyman, who was elected 
tiysician and Superintendent of the Asylum after the buildings 
6Te supposed to be completed, and nearly ready for the admission 
' patients. The provisions for warming and ventilating were en- 
lely inadequate; those for the former were open fireplaces, sur- 
onded by nursery fenders, which were secured by locks ; for the lat- 
r, no flues for the admission of pure air were provided, and no exit- 
les, except the chimneys. He tried many experiments in ventilat- 
g the part already constructed, and in the erection of additions each 
om had, for the most part, two flues connected with it, for the admis- 
>n and removal of air ; those for the latter purpose terminating in the 
tic, whence the air escaped through cowls. These flues were made 
large as the thickness of the walls would admit, about eight inches 
nare, but were not provided with a moving power. Notwithstand« 
g these additional buildings were probably better ventilated than 
ly other buildings at that time in the country, my father was soon 
tisfied, that, although at certain times the arrangement of flues and 
iwls was sufficient, at other times nothing but a constant moving 
iwer could be depended upon to produce a proper change <^ air. 
his moving power has not as yet been added ; we understand, hr-^ 
«r, that the attention of the present excellent head of the iP' 
m has been for some time directed to the perfection of somi 
r the purpose. 
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la most asylums, ihe bed-rooms are arranged upon 
one or both sides of a corridor, with one or more larger 
rooms connected with the same corridor, occupied by 
the patients during the day as a sitting-room, or day-nm. 
The corridor, as thus constructed, not only afibrds a 
means of ready access to the bed-rooms, but may also be 
used as a promenade by those who remain within doors. 

A satisfactory plan of ventilation for an asylum iF' 
nnged as just indicated is as follows. The fresh airnuy 
ascend through floes opening near the ceiling of the day- 
room, and at the same height in the corridors, — their 
number and size depending upon the space which can be 
devoted to this object, and the amount of diffusion re- 
([uired. From these flues the fresh air is distributed 
tiirough the rooms and corridors, and may be drawn off 
by other flues, opening near the floor of the day-rooms, 
and at similar points in each bed-room, to which the air 
nay find access by openings over the doors, and escape 
into [he ventilating-chlmney. By this plan, it is true, 
the bed-rooms are ventilated from the corridors, hut as 
both are very seldom occupied at the same time, this 

• We underaUnd ihal at the Vermont Stale Lunitic Hospitttl, at 
firalllebDro', where soiue addiiionai buildings have been reoentlf 
CNcted, veDtllatitig fluei of oil kinds have been omitted, by direction 
9f the medical head of the inililntioii. From this Tact we shanld 
«ertainlf infer, either that venlilation is, in bis opinion, a mere whim, 
of no real use, Ihal hnman beings require no regular supply of freib 
■ir, or that the gentleman hoa devised some mode of venliJating with- 
Wt Buei. If the former ig uue, his euccesaoii in office will h»n 
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At ihe New Jersey Slate Lunatic Hospital, now build- 
iDg, it is understood that a space in the cellar, between 
the walls of the corridors, is to be reserved for an air- 
cbamber. To ibis chamber air is to be admitted at sev- 
eral points ; after coming in contact wiih large iron pipes, 
containing steam or hot water, and being sufScientJy 
heated, it is to be conducted, by flues in the walls of the 
corridors, to all the rooms in each ward, and to the cor- 
ridors, to which it gains admission by many orifices. 

The ventilating arrangements are as follows. A 
large floe or air-imnk is constructed at each end of the 
corridors, with partitions, so that each corridor will have 
an ascending or descending current, as the season or the 
State of tbe atmosphere may demand, These air-trunks 
will terminate below in an air-drain, and this last will 
conduct the foul air to the fireplaces of the esiablish- 
luent, or, if these are inconvenient, from their distance, 
to fireplaces provided for burning the impure air. 
Above, the air-trunks will terminate in a shaft, which 
will form an omamenlal structure over the roofs of the 
central and extreme pavilions ; in this shaft will be the 
fireplace for producing a forced ventilation, if any such 
shall be required. Flues will be constructed for ventila- 
tion, connected with each room and terminating in the 
main trunks ; the flues are to be fitted with valves. By 
these arrangements it will be in the power of the mana- 
gers to cool the air in the chamber in summer, and dis- 
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3 conclusion, and his palienta atill n 
^r, ire coafTitulnte hiiQ on his ingenuitj. 
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tribuie it over the house ; for this purpose a supply of 
water is to be prOTided." 

Tlie ventilation of die new buildings of llie Royil 
Lunatic Hospital of Charenton may be presented as In- 
dicating the plan which is now believed in France W be 
the best in use. 

These buildings are constructed with separate rooms, 
two hundred in number, each having about 1 ,400 bubic 
feel of contents ; these rooms are arranged upon anopeo 
gallery or corridor, with which they all communicate. 
The warming apparatus consists of a boiler composed 
of two concentric hemispheres, placed one within the 
other, and the space between them filled with water. 
The fire is placed beneath, and, itfier rising into the con- 
cave surface of the boiler, encircles its exterior before it 
escapes into tlie chimney. 

Two copper pipes connect this boiler with a cisia* 
in the attic ; the first, attached to the top of the hoileiifr 
conducts the hot water immediately to the cistern, wlA 
another pipe, descending from the cistern, passes tbroi^ 
the various aparlmenis, warms them, and returns to I 
boiler, entering it at the bottom. The circulation 
warm water, in consequence of a change of density, is 
constant. The mode of distributing heat in the rooiUB, 
and iJie form of the radiators, will be described in the 
chapters on Warming. 

The nir tnlonded for the ventilation of the aparlmenla 
is abo warmod. Those rooms near the boiler are sup- 
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plied with air trhich has been warmetl by the smoke ; 
diOBe at a distaoce bave an air-cbaDoel benealh ihem, 
dirough' which hot-water pipes pass, and efTectuallj 
warm it. The air which has been wanned by the 
smoke enters a channel, from which It rises into each 
room, through a special flue constructed in the wall. 
The opening of this flue is about seven feet above the 
floor of tlie room. The exit-flue opens just above the 
floor of the room, is of the same size with the fresh-air 
flue, and discharges into a large foul-air channel which 
extends over all the rooms, and finally terminates in the 
ash-pit, beneath the boiler. 

Tliis plan is applied to those rooms of ihe hospital 
situated near the boiler ; those more remote from it are 
ventilated by other means. From the cistern in the attic, 
a hot-water pipe (or ventilation-pipe, as ii is called) de- 
scends by one of the corners of the room lo be venti- 
lated, and communicates with the bottom of the boiler. 
This pipe is surrounded by another and larger tube, of 
ainc, which again is covered by some non-conducting 
substance. This zinc tube has openings connecting 
with ilie apartments, as it passes near the floor ; through 
these openings the foul air enters the zinc tube, is 
warmed and dilated by ihe hot-water pipe it contains, 
rises into the attic, and then escapes through proper 
channels. That the air escaping from one room may 
not interfere with that from another, the lube is divided 
into compartments, one for each room, by divisions ex- 
teoding/rom end to end. 
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The fresh air is warmed by coming in conlact with 
die boi-water pipes in ihe air-channel above mentioned, 
j and enters the room by separate 6ues. 

In summer, when the apartments are to be venttkled 

only, all other pipes, escepi the vent ila lion-pipes, are 

closed ; the fresh dr then enters at the external lempar- 

■ture, and passes through the rooms on its waylollK 

' exil-iube, in which a constant rarefactioD is maiataioed. 

From experiments on the amount of ventilation, il wis 
ascertained that those rooms depending upon ihe fire 
under the boiler for producing a current were supplied 
witli nearly forty cubic feet per minute, and those for- 
' nished with hot-water ventilation-pipes about seren^ 
cubic feet in the same time. In the dormitories the 
ventilation was less active, but still sufficient. One oT 
the members of the commission appointed to examine 
the ventilation of these buildings was Gay-Lussac, ibe 
disRnguished cbemisl, who pronounced it sufficient.* 

It must be observed, however, that, for reasons al- 
ready staled, we cannot obtain the same regularity of 
VMlihilinn. or have it under the same control, where tee 
depend for a current upon the fire of the heating 
parattis. as where a fire is provided for this special 
pose. 

The valves for controlling the various flues of asylums 
must, of course, be placed beyond the reach of the ii 
tmles. A v»\\t in common use at the McLean 
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luni,.aDd perhaps in other asylums, and which is found 
to answer well, is made as follows. A frame of cast 
iron, having a flange in front, is set in the flue, with the 
flange resting upon the face of the flue, and forming a 
finish to the opening. Just behind the flange, a wire net- 
ting is so secured to the frame that it cannot be removed 
by any ordinary means in the hands of the patients ; still 
farther in the opening is a piece of sheet iron of the size 
of the frame, hung on two pivots at its upper edge, turn- 
ing in the sides of the frame, and falling down against its 
back when shut. The valve is moved by turning a 
screw, which passes through the upper side of the frame 
in its middle, and strikes against the valve ; as the screw 
is very near the centre of motion, a very small move- 
ment of it is sufficient to produce all the motion that is 
required in the valve. To render the movement of the 
valve uniform for the same number of turns of the screw, 
a curved piece of iron is riveted to the upper edge of the 
valve ; this piece of iron is concave towards the end of 
the screw, and consequently always presents a surface 
for the screw to act upon, which is at right angles to its 
axis. The screw is turned by means of a key, the 
same which fits all the locks of the house. 
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CHAPTER XIV. 

VENTILATION OF DWELUNG-HOUSES. 

VentUating Amngements for Dwellin^'hoiues nmple and easily ob* 
Uined. — Fireplaces good Ventilaton. — DimeDBiona of tbe New 
England Fireplaces in olden Time.— Gimdual Diminution of Fiie* 
place* to present Hme. — Ventilation by Stoves osoally defident 

— Bj Hot-air Furnaces sufficient. — Requisites for Ventilaticm ii 
Dwelling-bouses. — Objeations to a Floe opening at tbe Top of the 
Apartment ; Room will not be well warmed. — If the Floe eoten 
tbe Chimnej, tbe Room will be subject to a Recoil of Smoke.— 
Outlet at tbe ordinary Heigbt of tbe Mantel, or lower, sufficieDi 

— Mr. Tredgold's Sipbon. — Ventilating-flue to be provided with 
a Valve. — Parlour Stove fitted with Ventilating Apparatus.— 
Hot-air Furnaces should deliver the Air into an Apartment in a 
horizontal Direction. — Every Apartment should have a Fireplace 
or Ventilating-flue. — Best Mode of warming and ventilating a 
House without Regard to Expense is an Air- beating Apparatus 
and an open Fireplace. — Bedrooms should have Ventilatiog-flaeB. 

— Dr. Amott^s Machine for ventilating Dwelling-houses. 

In the veDtilation of dweliing-houses, tbe necessarj 
apparatus is simple and easily obtained. Tbe number 
occupying tbe apartments, compared witb tbeir size, is 
usually small, and tbe supply of air, althougb it sbould 
bi^ suAiciein and constant, can be proportionally re- 
duced. Tbe air of an apartment wbicb is not con- 
siautly occupied may be considered as fresb air in 
siore^ for which due allowance may be made ; we 
mu$t ako In^ar in mind, that much air enters when the 






^^F OUl NEW-ENGLAND CHIMNEYS. 315 

doors are opened, and ihroiigh the crevices of the win- 
dows. The addiiional provisions for ventilation must 
depend, in a great measure, upon the mode of heating. 

Common open fireplaces draw towards ihem a large 
amount of air, much greater than is required for the 
combustion of (he fuel. The quantity of air passing 
off by a moderaie-sized chimney with a small fire, in 
which about four and a half pounds of wood are con- 
sumed hourly, has been estimated to be from ten to 
twenty limes that required for the combustion of the 
fuel. Such chimneys must, therefore, be considered 
as poweiful ventilators. In some of the old houses 
in New England, the chimneys are still standing, hav- 
ing fireplaces eight feet in length by three feel deep, and 
a height to the mantel of nearly four feet. With these 
chimneys, the draught occasioned by the large quantity 
of wood consumed was such, that, without the setlle to 
prolecl the back from the strong current of cold air 
pouring in at the doors and windows, and retain the ra- 
diant heat, it was impossible to keep comfortably warm. 
It would be well for those who question the importance 
of ventilation, because our forefathers lived to a good 
old age without even understanding the meaning of the 
word, to call to mind their fireplaces, the kind of houses 
they occupied, and the quantity of air which must have 
passed through their houses." 

* The Tsrious changes whicb the lircpUce has underganp in nne old 
honae in Cambridge, Mass., known u the Dstifucth liauae, sod Eaid 
to bar* bMD built b; one of the earl; preudenla of Harvud College, 
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From these large, open-throated chimneys, there has 
been a gradual diminution, until the space for the escape 
of smoke, as now formed for anthracite coal grates, is 
seldom more than twelve or foorleen inches long by 
three inches wide. By these improvemenis, the escape 
of heat by tlie chimney has been constantly diminisbing, 
and tile amount of radiant heat, which in such fireplaces 
is mainly depended upon for warming, remains as great, 
if it is not iacreased ; but the ventilation has been greallf 
diminished, although, perhaps, not beyond what will suf- 
fice for rooms not overcrowded, if we provide proper 
means for admitting air. 

The various forms of stoves are still more efficient in 
warming, since they permit ihe escape of nearly all the 
heat before the gases reach the chimney, but are qiiiie 
deficient as ventilators. There are still other forma ot 
apparatus, which heat without withdrawing from the 
apartment even the amount of air required to supply the 
fire. 

Hot-air furnaces, which heat by currents of warm air, 
must necessarily prove good ventilators, if the same air 

well LUuBtialea Ihe progress in hooae-WBrming. The fireplace in the 
parlour was originally eight feet wide by three feet deep, and toai 
leet high. The Rrat nttenljon waa in the diminution of the fireplace 
(Rantfordiiing It), by loweiinj; the mantel I" three feet and redugiog 
il> leng-th to less than five Teel, by which a good closet nas seciunl 
on each aide within the jambs. Within this Btrueture waa altervanli 
placed an iron fire-frame, for the combaslinn of w<Hid : and this, 
■gain, received a grate for burning anthracite coal, the front of wliich 
is DOW bricked up and receives the funnel of a rooking.slme. The 
implored healing and diminiibed rentilalion are easily traced. 
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is not repealedly passed through the furnace, as is some- 
ttines atlempted. In consequence of ihe low specific 
beat of airaospheric air, rooms cannot be sufficiently 
warmed without admitting to them more air than those 
occupying them will require. 

In ventilating dwelling-liouses, it is to be observed, — 

Isl- That each room fifteen feet square, for the ac- 
commodation of six or eight individuals, should have a 
flue for the escape of foul air, either in the chimney or 
elsewhere, of at least one hundred inches area. A bed- 
room should have an outlet of nearly ihe same dimen- 
sions. 

3d. An inlet for fresh air should be provided for each 
room and bed -room. 

3d. Thai fresh air in winter should always be mod- 
erately warmed before il is introduced into apartments. 

4th. That all apertures for the admission or exit of 
air should be provided with valves. 

5th, In summer, nearly all the ventilation will be pro- 
duced by the opening of doors and windows. It is 
here supposed that the flues are constructed in the ordi- 
nary manner, and receive no warmth from the heat of 
neighbouring flues ; if such warmth is received, the 
draught will be proportionally increased, and the flues 
may be diminished. 

If the heating apparatus is an open fireplace, we have 
an amount of ventilation going on by the chimney-flue, 
varying with the supply of air to the apartment, the heat 
of the chimney, and the direction and force of the wind. 
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In the old-fashioned 6replaces we have just described, 
the air is drawn 6ff from a level above the hetdsof 
those seated in the room ; in the smaller fireplaces lod 
grates in common use, this is not the case. The gasei 
produced hj respiration and combustion, which rise 
above the outlet, are consequently not directly removed. 
It has been proposed, therefore, to construct flues open- 
ing at the ceiling and reaching to the roof, or to die 
same height with the smoke-flue, or even with an opcn- 
mg into the smoke-flue itself. 

This plan, although it is founded upon correct princi- 
ples so far as ventilation is concerned, cannot be adopt- 
ed in a cold climate without some precautions. If the 
only object were the removal of foul air, it would un- 
doubtedly be effectual ; but we must warm as well as 
ventilate an apartment. Merely theoretical notions up- 
on this i^bject will very frequently be found to fail when 
applied to practice. The conditions for success are so 
numerous and complicated, that those who have not been 
schooled by practice will rarely be able to devise a plan 
which will not require many modifications. This is es- 
pecially true of double outlets in the same apartments. 
The flue connected with the outlet at the top of the 
room, even if it pass to the top of the chimney, will be 
subject to the draught of the chimney and the action of 
winds upon its summit, by which smoke may be drawn 
or driven into the room. Such cases have occurred, 
and the ventilating-flue has been closed in consequence. 
This evil can be remedied by providing a free supply of 
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air for both air and smoke-flue. But llie air which en- 
ters must be warmed, or it will not be tolerated ; and if 
it is loo much warmed, as compared wiih ihe air of the 
room, it will rise immediately to the ceiling, and escape 
through ihe ventilator ; and, not mingling with the air in 
the body of the room, it will thus greatly diminish or en- 
tirely prevent any change of air, where most wanted.* 
When the outlet at the ceiling opens into the smoke-flue, 
if the draught is powerful, it will, for the most part, do 
well with a steady wind which does not descend upon 
the chimney-lop, a constant fire, and a free supply of 
air ; under any other circumstances, the smoke and (ire 
may be driven into the room, unless the aperture is pro- 
vided with a valve and moved as the conditions vary. 
With persons who pay particular attention to the air of 
their apartments, valves in the smoke and air-flues could 
be made to answer a good purpose in obviating the evils 
just mentioned ; but generally, after once or twice expe- 
riencing a little inconvenience from a recoil of smoke, 
the valve of the air-flue would be closed, that of the 
smoke-flue opened, and so allowed to remain. Valves 
are often placed in the fire-boards used to close the 
fronts of chimneys, made in the following manner. The 
opening for ventilation in the fire-board is covered by a 
piece of wire netting, behind which, and nailed to the 
upper edge of the opening, is hung a flap of silk of the 
same size as the netting ; the moving of the flap allows 
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I ibe aif to enter the chimney, but closes with aoy dowa- 
I ward drai^ht. Such valves might prevent a recoil of 
[ smoke. It may be remarked that the flue at the 
I top of the room must be large enough to draw off the 
I TJliaied air immediately ; otherwise, under Ihe influence 
I of iho currents produced by the cold walls and windows 
I and the cold air from without, it will mix with the art 
rof the apartment, and be agaio brought down to the 
floor. With such a flue, we repeat, it would be ex- 
ceedingly difficult widi ordinary arrangements to warm 
Ihe apariment- 

If the fireplace be made the outlet, the air of the 
room may not be preserved as pure as that in a public 
hall provided with an elaborate system of ventilation, 
like that which has been described in a previous chap- 
ter ; but if the supply of fresh air is sufficient, the impu- 
rity can be prevented from passing a certain point, B 
point far below that which it usually attains in dwelling- 
houses.* Practically, therefore, in apartments warmed 
by an open Gre, the smoke-flue should be considered as 
the ventilating-flue ; and if we consider that the velocity 
■of smoke in a chimney with a good fire is estimated to 
be from three to four feel per second, we must admit 
that, for ordinary rooms, it will be sutEcient. 
■ Mr. Tredgold, who says that all the plans he has seen 
or read of, for drawing off air from the top of a room, 
i objectionable, either from being wholly inefficienlj 

■ See Appendii, Ko. XVIII. 



YBNTILATING FIREPLACES. 321 

or from causing the chimney to smoke, proposes the fol- 
lowing mode of effecting the object. A tube is con- 
cealed behind the plastering, or placed in a corner of the 
room, near the fireplace ; this tube, one end of which 
opens at the top of the room, descends to the hearth of 
the fireplace, and then turns and ascends in the chimney 
some litde distance, where it terminates. That portion 
of the tube in the chimney and near the fire becomes 
warm, and a current is induced, which is supplied by 
the air from the upper part of the room. 

In all cases where a ventilating-flue opens into a chim- 
ney, care must be taken that the air as it enters the 
chimney shall not strike across the ascending current, 
and also that it be protected from falling soot. The 
end connected with the apartment must be fitted with a 
valve. When an air-flue is carried to the top of the 
chimney-stack, it should be secured against the influ- 
ence of the smoke of a neighbouring flue. 

For warming the air for ventilation, we cannot expect, 
in private houses generally, to command a separate fire ; 
it must be done by that which warms the apartment. 
We have already * pointed out one of the modes of in- 
troducing pure warm air ; another is the double-backed 
fireplace. By the latter, warm air may be admitted in 
a diffused manner on either side of the fireplace, from a 
broad opening on a level with or a little above the man- 
tel, the front of which opening may be covered by per- 



* See ante, p. 118, fig. 15. 
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forated metal, and the channel conducting the warm ur 
from the space between the two backs built of bridi 
and plastered. This space communicates, of coane, 
by means of a proper trunk, with the outer air. Greit 
care should be taken that the air-chamber of the fire- 
place and the smoke-flue are entirely distinct ; otherwise 
the smoke will be drawn into the room, or the warm iff 
will escape into the chimney. Other modes will be de- 
scribed in the chapters on warming. By this arrange- 
ment, the air enters the room partly in consequence of 
the heat it acquires in passing through the 6replace, bat 
more from the effect of the draught in the chimney. As 
it enters, it rises towards the ceiling, and afterwards 
gradually descends as the air below is drawn off^ pro- 
ducing, in truth, a downward ventilation throughout the 
whole apartment. 

Stoves may be, with little trouble, so arranged as to 
heat the air for ventilation, either by allowing it to pass 
through tubes in the body of the stove, or between the 
stove and a casing, or simply by allowing it to impinge 
upon the external surface. In either case, if the fire- 
place is left open, the entering air will take the course 
indicated in the preceding paragraph. 

A parlour stove arranged in the following manner is 
found to answer well, both as regards ventilation and 
warming. The stove is placed with its back on a 
line with the front of the fireplace, the throat of the 
chimney closed, and the smoke-pipe passed into the 

^mney below the mantel. Fresh air, which is inU"0- 
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duced ihrough the back of the fireplace by an open- 
tDg about ten iacbes square, passes by the stove, and is ■ 
warmed by it on its way into the room. The exU-9ue, 
a sheet-iron tube, is connected by lis upper extremity 
Trith the chimney at the tliruai, and by the lower with an 
opening on a level wilh the hearth, and a little in front of 
the fireplace ; one of these tubes is placed on each side 
of the stove. The room, which is large, is very equa- 
bly warmed, and the air is in a good slaie. 

Where the apartments are warmed by heated air, un- 
less its temperature is much greater than is consistent 
with purity, the ventilation is sufBcient, The register for 
the admission of the air should, however, be dJH'eready 
placed from those in common use. M'hen in the floor, 
the current is directly upward, with very little tendency 
to diffusion, consequently imparling no heat directly to 
those standing or sitting around it. There are also 
other objections ; in sweeping the door, dust frequently 
falls into the Que ; when the register is left open, dilt 
falls from the boots of those who are warming their feet 
or walking over it. The diffusion will be increased, and 
the other objections obviated, by admitting the air hori- 
zonially, from an opening in the base, on a level with, or 
just above, the floor. The objection might be brought 
against this mode of introduction, that the limbers are 
frequently placed under the partitions and project beyond 
them on both sides. This objection could be removed 
by flattening ihe flue, and removing a portion of the up- 
per edge of the timber in an oblique direction ; the 
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desirable for its pleasant light and radiant lieat, while the 
second gives lo the entries and chambers a mild atmos- 
phere, which prevenis cold draughts from open doors, 
and at the same time, through an opening in each 
spartment, moderately warms it, and likewise sup- 
plies air for the ventilation going on by ihe fireplace. 
The fireplace, also, has ils influence upon the iniro- 
dnction of the warmed air. The heat of the chimney 
establishes a current, which draws from the air-heating 
apparatus a large supply of air, of a lower temperature 
than would otherwise enter ihe aparlment. We know 
of no single apparatus which warms and ventilates a 
dwelling-house in so healthy and comforlable a manner 
as is accomplished by this combinaiion. 

Bedrooms are often entirely deficient in means of 
ventilation. They are frequently small rooms, a[ a dis- 
tance from a chimney, used only as sleeping apartments, 
and therefore thought to require no fireplace. If we 
would be convinced of the importance of ventilation 
Id these rooms, we have but to enter them in the morn- 
ing before the occupant has left his bed ; the air is ol^en 
cfensive in the extreme, even when the occupant him- 
self is entirely unaware of any departure from the 
healthy standard.* 



• The following facl may be mentioned lo show Ihe influence of 
VBDtilition of sleeping apartments on disease. Near Glasgow, a long 
IniildiDg was erected for the necommodation of llie operatives in fac- 
lorieB ; the rooms wore placed on one side of a corridor, into which 
Ihey opened. These rooms were often cruwded with persons who 
MM melm of cleanliaen and Tentilation, and vtm in coDBeijaenca 
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If a bedroom have a fireplace, and a sufficient op»»^| 
iog be left over a door communicating with an ent^^H 
or a proper flue be conslructed, communicaiiDg wNlt.^| 
the external atmosphere, sufficient ventilation will, '*^M 
most cases, be obtained. If there is no fireplace, b 
tube leading through the roof, or, what is better, to a 

chimney having a sufficient draught, will be required, in 

^^L addition to the same provisions for the admission of ail< 
^^1 During the summer, much more air will frequently be 
I required in our dwelling-houses than can be obtained 

through any openings which will be provided for this spe- 
cial purpose. Under such circumstances, we must de- 
pend upon windows and doors. For this purpose, win- 
dows, both sashes of which are movable, will be found 
of great practical value. By regulating the two open- 
ings, we can obtain a much more extensive and satisfac- 
tory movement of the air than can be obtained by a sin- 
gle opening, however well situated. 

We have made no mention of mechanical power for 
ventilating dwelling-houses, because we have not consid- 
ered it usually applicable. Others have thought differ- 
ently. Dr. Neill Aniolt has described a machine for this 



•ofiered Reverelj from frequent visttationi of maligiuinl tjphiu. 
Mr, Honlds worth, the proprietor, placed a pipe in the corridor, com- 
manicatiDg liy a branch with each aleepiDg-rooin, just over the bed- 
itead, and terminating in tlie great chtmnej of the mill. When the 
■leom -engine ia stopped (and it is iheD only that the operativea ore in 
their rooms), tlie corridor pipe is opened, and a current roahea in from 
every apartment. From this time fever disappeared, and the htbiU- 
tioDs have iffcome remnrkably healthy. 
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purpose, ia the Mlautes of Evidence taken before Com- ^M 

missioners of Inquiry into the State of Large Towns ^M 

and Populous Districts, July 8th, 1843. Dr. Arnotl ■ 

there says, a pitoiping apparatus, to be worked by one H 



man, might be easily made to perform ilie office wbich a 
force of from forty to eiglny men would accomplish with 
common, defective machinery. The mode in which he 
proposes to accomplish tliis is, to " allow the air to pass 
through wide openings, so that a very gentle force or 
pressure suffices, and which may be exerted with a com- 
paratively light piston, with valves of cloth, merely, in 
the form of curtains, resting against wire-nei supports, 
instead of heavy daps of wood or metal. Such con- 
struction removes the whole objection arising from ex- 
penditure of power." Dr. Arnott goes on to re- 
mark : — "I may illustrate the subject of this pump, by 
supposing a passage or lobby to exist, ten feet square 
and Bfty feet long, through a house. This passage would 
hold 5,000 cubic feet of air. If a little go-cart were 
placed in it, with a sail hoisted on it, to Gil the passage 
nearly as a pislun fills a barrel, the passage being open 
at both ends, and (here being no wind, a child would, in 
pushing his go-cart from the one end to the other, dis- 
charge 5,000 cubic feet at one end of the passage, and 
would draw in as much at the other, without knowing he 
was doing any thing but moving his cart forward in an 
empty space ; and if the passage opened directly into a 
large apartment, by a door as wide as itself, the action of 
ihe go-cart wotUd evidently change, at each turn, 5,000 
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cubic feet of air in that apartment. If, however, in- 
stead of having the end of the passage quite open, a 
bole were left in it of only one foot in diameter, then, 
evidently, the air would have to pass out by that bole 
one hundred times as fast as the sail of the go-cart wu 
moving, and it would then require one hundred times the 
force to carry the sail forward at the same rale to expel 
the air. And if, farther, the air had to enter the pas- 
sage by an equally narrow opening, the force required to 
move ihe go-cart would be again doubled. With large 
openings at both ends, very sliglii force suffices, because 
then lite whole work to be done is not to lift any weight, 
but merely to overcome slowly the inertia of a certain 
bulk of light, aerial fluid, nearly as is done by a person 
who pushes an expanded umbrella before him on a calm 
day," He conceives that this machine could be con- 
structed very cheaply, and could be put in motion by a 
weight, which could be wound up at stated times like a 
clock, if it were wanted for an evening party ; or mo- 
tion could be given to it by the water flowing from a 
main iuto a cistern at the top of the house, and acting 
like the weight as it descended. 

If air could he thus easily put in motion, it would 
certainly very much diminish the power required for 
ventilation, and neither tlie fortieth nor the eightieth part 
I of the force now used would he needed. But, although 
there is no weight to be raised, and air is a tight, aerial 
fluid, it offers a very sensible resistance to bodies mov- 
ing through it, and requires a very sensible power to 
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force il through chanDsts, even when much larger ihan 
those usually provided for it. A consideration of the 
following well established principles in hydraulics will 
place this machine in its proper light. 1. The resist- 
ance offered to air is proportional to the length of the 
canal through which it passes. 2. The resistance in- 
creases in proportion to the square of the velocity. 3. 
The resistance is in the inverse ratio of the diameter of 
the canal. 

We see, then, that where the hole has an area of but 
one footj and the air moves one hundred times as fast as 
before, Ihe force required is not merely one hundred 
times as great as before, but it must be increased as the 
square of this velocity ; further, this increase of force 
must, upon the principle of the hydrostatic bellows, be 
expended, not upon the whole sail, but upon each square 
foot of the sail ; resuhs widely different from those 
above stated by Dr. Arnott. Air must meet with re- 
sistance in passing through the heating apparatus and 
air-channels ; and this resistance will not be annihi- 
lated, even by making the sum of the areas of the chan- 
nels equal to the area of the sail, for it is a very dif- 
ferent thing passing air through one hundred holes of one 
foot area, and passing it through one hole of a hundred 
feel area ; and yet, in practice, it is the first rather than 
the second condition that we most frequently meet with. 
To overcome resistance, power must be expended, 
whether developed by heat, or applied through machines, 
We would not say that an apparatus of this kind might 
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not be used for ventilation, but we believe that the ii 
ence naturally drawn from Dr. Amott's statement would 
be very far from the truth ; we have even beard it pro- 
posed to use the power of a smoke-jack to move the 
valve back and forth, and apply it to the ventilation of t 
large building. 

A machine has been for some time in use in India for 
ventilating and cooling dwelling-houses, called a Them- 
antidote. It is made like a common winnowing-roachiDe, 
placed upon wheels, that it may be moved to any part of 
the buildmg. The air, as it enters the central openings, 
is cooled by being drawn through a coarse matting kept 
constantly wet with water dripping from a reservoir at 
the top of the machine. From the opening in the ci^ 
cumference the air is thrown into the apartment where 
it is desired. It is said to answer a good purpose, but 
requires two men to keep it in motion for more than 
half an hour at a time. 
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CHAPTER XV. 

VENTILATION OF SHIPS. 



Conditian of the Air in Ships often mnch wone tbu 
Tcatitated DwelliDg-hoiuea. — Sulon oA«n sabjec 
Changes of Temperature from imperfect VeQtilation. — 
■ail ; useless in calm Weather and in atorm; Weather 
baOHting ConiciJ Cowl ; no more nseful tbaa Wind-sail, si 
eambersome. — Venlilxtion by Fiie ; rejected on sccouDl i 
ger. — Dr. Deaaguliera's Fan. — Dr. Halea's Bellows.^' 
tion in Britieh Nrfr?. — PUns tried in American Nairy. - 
Obstacles to Ventilation of Ships, Want of Room for Aire 
and Moving Power, — Flan for Ventilation. — Air-paasagcB 
exist in large Vesseis. — Ventilation of Sleamboals. 






Those who liave had opportunities for examining the 
condition of large ships of war at sea describe the state 
of the air at night, when the men are in their berths, 
and the ports closed, as heavy and unpleasant, far be- 
yond what we are accustomed lo observe in poorly ven- 
tilated houses. The condition of the smaller vessels is 
said to be very much worse than that of the ships of the 
line, from the fact that there are no apertures in their 
sides except the air-ports, and these can be opened only 
in a smooth sea. In neither class of vessels are the 
port-boles on the berth-decks or ihe air-ports open dur- 
ing the night. 

The position of the hammock in which the sailor 
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sleeps renders ventilation of great importance. The 
bammocks are drawn up closely to the under side of the 
deck, and are consequently enveloped in the products of 
respiration ; they are also sometimes arranged so closely 
that little air can pass up towards the under side of the 
deck and reach the face ; most of the fresh air must, 
consequently, enter at the ends. The principal open- 
ings by which air enters when the ports are shut are the 
hatchways ; these are more or less open, according to 
the size of the ship and the stale of the weatlier. Be- 
tween these openings a current is usually passing, its di- 
rection governed by that of the wind, or some acci- 
dental causes, and therefore liable lo-change. By the 
necessary delay in trimming wind-sails after a change of 
the ship's course, the principal current of air may be re- 
versed, and those who have been iu a cool, fresh air, 
from their proximity to the hatchway at which the ait 
enters, may suddenly find themselves breathing a hnti 
moist atmosphere, loaded with the exhalations of those 
by whom it has passed ; while those who were near the 
hatches serving as an exit-flue are as suddenly exposed 
to a chilling blast, and the dangers consequent upon a 
checked perspiration. 

The machine principally depended upon for the ii 
duction of fresh air is the wind-sail, which consists^ 
sentially, of a tube of canvass, of various diametei 
according to the amount of air it is intended to deliv^, 
the upper extremity of which is flared out on either side 
to catch the wind and direct it down the tube. It is oh- 
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viou3, ihat, however valuable an assistant ihe wind-sail 
may be in tbe ventilation of a vessel, it can be of do 
use in calm weather, nor in bad weather, when the 
batches are battened down, and when ventilation is most 
wanted. It is also equally obvious, that, when it is 
used to air any particular portion of a ship, there is 
danger that it will drive i!ie foul air to other parts, in- 
stead of removing it directly. 

Another ventilator has, In several instances, been in- 
troduced on board of United States ships. It consists 
of a tube of canvass, upon the top of which is a cowl, 
witli its mouth turned from the wind. This has been 
in some instances made of a conical form, that the wind, 
in sweeping over it, may tend to exhaust the air from 
the tube, and this last is stiffened by means of hoops, to 
prevent its collapsing. It has, however, been rejected, 
because it did not fulfil practically the purpose for which 
it was intended, and on account of its bulk and liability 
to derangement. 

Several other modes of ventilating ships have been 
suggested at different times, and used with more or less 
success. In the English navy, about one hundred years 
ago, it was proposed to make use of the fire by which 
the provisions of the ship's company are cooked to pro- 
duce a ventilating current.* Pipes were led from the 
ash-pit to those parts of the vessel in which change of 

* Orent benefit ia derived, in the United Blalei ships, from the cur- 
rent of air which is produced by placing^ the galtej on the bcrth- 
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air was most important, and through these it was sup- 
posed a constant draught would be 'induced, caaaogt 
corresponding influx of pure air. This plan was, how- 
ever, soon abandoned, as it was found that the smob 
and flame were in some cases driven by a sudden gust of 
wind through the pipes into the ship. Within a few 
months, a somewhat similar plan, with the addition of 
pipes for the admission of fresh air, and of a fire for the 
special purpose of ventilation, has been proposed for the 
French navy.'**' But the burning of a ship at sea is so 
dreadful a calamity, that no means of ventilation will be 
for any length of time persevered in, which is in any de- 
gree hazardous in this respect. 

About the year 1740, two modes of mechanical y&t 
tilation were introduced into the British navy, the first by 
Dr. Desaguliers, and the second by Dr. Hales. Dr. 
Desaguliers used for this purpose the fan which we have 
already described as having been employed for the ven- 
tilation of the House of Commons. This he placed in 
any part of the vessel which was most convenient, and, 
by means of a tube connected with the part of the ves- 
sel to be ventilated, either threw in fresh air, or with- 
drew that which had been contaminated. f Dr. Hales's 
machine was contrived to act on the same principle as a 
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^r. Desaguliers's machine has been reproduced lately by Mr. 
K> for the ventilation of merchant- vessels, with what soccess ^t 
• not learned. 
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pair of commoD bellows, and was used only for pump- 
ing air into the ship. Neiilier of these plans were in 
use long, and after a lime seem lo have been eutirely 
forgotten. More recently. Dr. Reid has revived Dr. 
DesBguliers's plan, modifying it and adding proper chan- 
nels for the introduction of fresh air. His plan may be 
described briefly as follows. In the hold, just beneath 
ibe deck, and running fore and aft the vessel, two air- 
trunks are placed. These Bir-trunks, of which there is 
one on each side, are fixed against the planking of the 
vessel, and communicate, by means of upright trunks, 
with tlie upper part of each deck to be vemilated. A 
fan or other mechanical power is then placed upon a 
common discharging-shaft, connected by transverse 
trunks with the foie and aft trunks in the hold. "I^bis 
discharging-shaft is placed in any hatch whejfe it can 
most convenienlly be done. 

The following figures are intended to illustrate the ap- 
plication of this plan to the Minden, a ship in the Brit- 
ish navy. Fig. 53 is a plan in which 6rf, ce, represent 
Fig, 5fi. 



inks in (he hold, running fore and aft the ship ; the 
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L square sbatled marks represent ibe perpendicular ai^ 
\ truoks reaching from the horizontal trunks, bd^ce, to 

[ die different decks above, a, the dlscharging-shaft, con- 
I'liected by the two transverse trunks, one on either aide, 
|- wiib the horizontal trunk. Fig. 59 Js a transverse sec- 




ion through the dlscharging-shaft, a. c c c c are the 
I wertica] trunks communicating with the horizontal trunks, 
f rf (^, at the bolloni. and these last are connected by the 
I transverse channels with the discharging-shaft, a. The 
[rflriical trunks are Gtted with valves, as represented in 

In the United Slates navy, some attempts have been 
fdiade to introduce a better system of veniilation, but not 
A few years ago, at the suggestion 
of an officer of the navy, lubes about three inches in di- 
ameter were placed in the gun-deck of a ship of the 
line, and opening a communication between this deck 
, sod the orlop-deck beneath. The orlop-deck is the 
[lowest deck, and beneath it is the hold ; upon this deck 
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ire state-rooms for several of the officers, and, as it has 
bo ports or other openings in the side, it is often exceed- 
Inglj uncomfortable for want of fresh air. It was sup- 
posed that the short luhes above mentioned, of wbich 
there was one in each state-room, would produce an im- 
portant change in the air of these apartments. Their 
action was found to be unsatisfactory, as might hare 
been anticipated ; and as water might get down while 
washing the decks, with which they were nearly fiusb, 
and as, also, they might be made the means of annoy- 
ance to those below in various ways, ihey were closed. 

Several kinds of bellows have been adopted, from 
time to time, for withdrawing the air, having a hose con- 
nected with them, by which the air could be forced 
entirely out of the ship. In some ships, the boxes of 
two of the pumps have been removed, and a cylinder 
twenty inches in diameter and about two feet in length 
placed upon the top of the pump. This cylinder is fit* 
ted with proper valves and a piston, and forms an air- 
pump. The pumps are thus converted into air-lubes ; 
the piston of the air-pump is connected with the brake 
which works the other two pumps, and is moved with 
them. By this plan, the air of the well can be frequent- 
ly withdrawn, without danger of its escaping into other 
parts of the ship. 

Through the kindness of Lieutenant Charles Henry 
Davis, of the United Slates navy, to whom I am in- 
dehted for several suggestions, 1 was enabled to visit ibe 
United States ship of war Ohio and the fjrigate United 
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States, and also to obtain information from the depart- 
ment at Washington as to plans of ventilation which 
bad been already tried, and their resulls. The Ohio is 
a ship-of-the-line, of seventy-four guns, and has the 
pumps fitted up in the manner just described, and abo 
the ventilating-tubes. These last were all carefuDjr 
plugged up and neatly painted ; a sufficient indication of 
the importance attached to them as ventilators. The 
United States is a frigate of forty-four guns. The fol- 
lowing plan for the ventilation of ships was the result of 
observations upon these vessels. It is not put forth as a 
perfect system, but as one which may be adopted with a 
strong prospect of relieving sailors from the severer ef- 
fects of a deficient supply of air. 

In examining these ships with regard to ventilation, 
the great difficulties were in finding air-channels, and a 
position in which a moving power could be placed, 
where it would be out of the way and yet be permanent 
and ready for use. In constructing a vessel, there is 
very little doubt that channels could be obtained in the 
sides sufficient for a good system of ventilation, without 
in the least encroaching upon the available room. In 
those already built, there are channels which could be 
made valuable for the ventilation of the orlop-deck, 
where, I believe, it is most needed. About three feet 
above this deck, a space about eight inches wide is left 
unplanked, for the circulation of air among the timbers, 
and is termed the air-streak ; this opening extends fore 
and aft the vessel, and is covered by a plate of copper, 



FAS FOB SHIP VENTILATION. 339 

perforated mlh holes about one fourth of an inch in di- 
ameter. A similar air-streak is also left in the hold. 
If this last be covered with a box, through the whole or 
e part of its extent, it will serve as a channel, through 
which, by exhausting the air, a current may be produced. 
If a horizontal fan be placed over the pumps on the gun- 
deck] whh its shaft resting upon a supjjort level with, or 
below, the tops of the pumps, the fan itself might be 
toade to revolve close up to the deck above, and quite 
aoi of the way. With the under side of the fan, in 
which should be the central opening, a trunk could be 
connected, which should pass down by the side of the 
pumps, be of any shape which is most convenient, and 
terminale in the top of the well. The fan might be put 
in motion by a rope, passing round a pulley on its upright 
shaft, and through a block at a proper distance. Two or 
more men, by pulling upon the rope, would produce a 
rapid rotatory motion in the fan. The communication 
between the box over the air-slreak and the well is ef- 
fected by a transverse wooden channel in the hold, se- 
cured to the under side of the deck. The foul air may 
be discharged by a port-hole on either side of the ship, 
according to the direction, and for this purpose a dis- 
charging trunk can be placed between the beams sup- 
porting the deck above, quite out of the way ; the trunk 
may be of painted canvass or of wood. 

By this arrangement it is easy to see that the orlop- 
deck (as in the Ohio) may be thoroughly ventilated, 

t ihtough that, by means of the hatches and ladder- 
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ways, the decks above, if necessary. By erectiog a 
wind-sail, air may be brought down to the orlop or anj 
other deck, without being in the least contaminated bf 
passing through the decks above. It will also be ob- 
served, that the pumps remain untouched, and diat tbe 
communicating channels and fan are in positions where 
they will be as little objectionable, on account of tbe 
room they occupy, as can be expected. The thickness 
of the fan need not exceed one foot, and could be made 
even less, and its diameter could be three or fourfeer, 
consequendy it would not extend beyond the pumps, 
neither would it interfere with any movements about 
them. The space in the orlop-deck through which the 
pumps pass is usually surrounded by panel- work, or 
bulk-heads, as they are termed, within which sufficient 
space can be found for the air-trunks. 

The preceding plan is not proposed as affording a 
perfect system, but as one which there is good reason to 
believe is practicable, and which will greatly improve 
the state of the air in those parts of a ship in which it is 
most needed. A similar plan adopted in the construc- 
tion of a ship, with the formation of channels between 
the timbers for each deck, could be rendered still luope 
effective. 

The ventilation of steamboats^ either upon the ocean 

or rivers, can be effected with very great ease, as the 

mechanical power for niovhig a fan can at an) time be 

obtained. A separate engine is usually provided, in large 

*ts, for driving the fan required to blow the fire under 
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the boilers. This engine could be made to drive a ven- 
tUating-fan also, or, possibly, if the air of the boat is not 
too much vitiated, the fan for the boilers can be supplied 
by pipes connected with the cabin and other places to be 
ventilated. In either case, fresh-air channels are to be 
placed along the sides of the cabin, at proper intervals, 
opening near the floor, while foul-air tubes pass along 
near the ceiling, fore and aft, leading the vitiated air 
eventually to the fan. 

Those who have occasion to travel in the night-boats, 
when crowded, must be well aware of the state of the 
atmosphere in the cabins when the passengers are in their 
berths, and of the almost utter impossibility of obtaining, 
from this cause, a comfortable night's sleep ; indeed, 
some passengers are compelled to pass the night on 
deck, being incapable of supporting the hot and oflfen^ 
sive air in which they are enveloped below. A very 
small sum of money expended in the manner proposed 
would entirely relieve the passengers, and greatly in- 
crease the popularity of the boat; 
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CHAPTER XVI. 

ANATOMICAL ROOMS. 

Anatomical Rooms often disgusting finom Want of a proper System of 
Ventilation. — Deficient Ventilation maybe the remote Cause of 
the fatal Results of Wounds received in Dissecting. — Parent 
Duchiltelet's Anatomical Table. — Closet for Maceration.— D^ 
scription of ventilating Arrangements for an Anatomical Room. 

Anatomical rooms, as usually constructed, are fre- 
quently disgusting, from the odor of animal putrefaction, 
which cannot always be prevented. Several physicians, 
some of them eminent, have endeavoured to prove that 
the emanations from dead bodies are in no wise injuri- 
ous to the health of those exposed to them.* Howev- 
er this may be, there is no proof that they are peculiar- 
ly healthy, and abundant evidence that they are exceed- 
ingly disagreeable, especially to young students in anat- 
omy. Under a proper system of ventilation, all odor 
in the rooms may be removed. f 

* It is well known that students receiving wounds while pursuing 
anatomical examinations, especially in recent subjects, sometimes be- 
come very ill, and not unfrequently die. We are by no means sum 
that a portion of the poisonous matter is not absorbed by the lungs ; 
we know, indeed, that there are some poisonous gases which are ex- 
ceedingly active when entering the lungs ; we know, too, that one of 
^ese gases, sulphuretted hydrogren, is given off during decomposition, 
^he means usually employed to disinfect anatomical rooms if 
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To effect the complete removal of odor, we must not 
only place the subject itself under the influence of a 
current of au*, but also those portions which have been 
examined, unless they are immediately removed, and 
likewise the vessels in which parts are undergoing 
maceration, for the study of the bones and their liga- 
mentous connections. 

The anatomical table of Parent-Duchatelet prevents 
the escape of odor from the subject completely. This 
table may be constructed of wood, or, what would be 
better, both for cleanliness and permanency, of cast 
iron ; it is hollow, and covered by a coarse wire netting 
or lattice-work. Communicating with the interior of 
the table is an air-trunk, which passes beneath the floor, 
and terminates in a chimney. Into this chimney the 
smoke passes from the boiler, which is indispensable in 
every anatomical room, and from the stove or other 
heating apparatus. It may be observed, that an open 
fireplace would be inadmissible in the apartment. The 
heat which is thrown into the -chimney from these 
sources is intended as a moving power to the ventilating 
current. 

When a fire is lighted in the stove, or under the boil- 
er, a current is generated in the chinmey, to supply 
which air enters from the apartment, passes down by the 
subject, through the hollow tube and the air-channel be- 
neath the floor. Consequendy no disagreeable odor can 

chloride of lime, a substance between the unpleasant odor of which 
and that of decomposing animal matter it is difficult to choose. 
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escape into the anaiomlcal room, whatever be the con- 
dition of the part under examiDaiion. 

Fig. 60 is a loDgitudinal section of the anatoniici) 

room, in which 6 6 is the table, /, the hollow space in 

the pedestal, communicating with the air-channel, c. 

F\g- 60. 




From the air-channel the larger portion of the air passea 
immmediately to the chimnej, k, a small part only sup- 
plying the fire of the boiler, the flue of which commu- 
nicates with the same chimney. 

The net-work cover may be made of large tinned iron 
wire, secured to a frame, with the meshes sufficiently 
large to allow the hand to be introduced to remove a 
knife or other article which may fall through- Beneath 
this cover, which should be movable, is placed a metal 
trough, represented by c, in figs. 61 and 62, — longitud- 
inal and transverse sections of the table. This trough is 
lower at one end than the other, that all liquids may flow 
towards the tube h, and through that into the pail t, be- 
neath. Near the top of ihe trough is a row of holes by 
which the air entering through the net-work passes from 
the interior of the trough into Ihe hollow support, /, of the 



ANATOiaOAL ROOMS. 



345 



table, and tbeoce into the canal, g, beneath the floor. Be- 
neath the trough is placed a sufficient number of blocks, 
ddddf to give it a firm support. All parts of the table 

Fig. 61. 




Fig 62. 




and its connections should be made air-tight, and the 
tube through which the liquids escape should be closed 
by a proper stopper. Those parts which are not under 
immediate examination may be covered by a large cloth, 
that the draught may be increased to the desired amount 
in the remaining portions. The table, or the air-channel 
connected with it, should be fitted with a valve, by 



which a current from an Dooccupied table mar be drniiD- | 
isheii or completely cut off. : 

Tbe ventilation should be kept up night and tbf, J 
wbich can readily be done by the nse of antbrscile cool, 
burning slowly and in considerable quantity. Daring 
tbe night, tbe subject might be placed under ibe infla- 
ence of air colder than that of the anatomical room, by 
covering the whole table with a large cloth, and allow- 
ing the external air to enter through a lube passii^ on- 
der the floor, and rising at one or both ends of the ta- 
ble, beneath the cloth ; with such an arrangement, none 
of the air of the room would come in contact with the 
subject. It would be possible, by similar means, at ail 
times, to place those parts not under actual examination 
in a current of external air, by which decomposition 
would be much longer delayed than when exposed to air 
of the usual temperature of anatomical rooms. It 
would be well to have a grate within or at one side of 
the chimney, communicating immediately with it, ex- 
pressly for ventilation, and which could be used without 
WBrming the apartment. 

The process of maceration is that during wbich the 
most oHensive emanations are given olT, and the vessels 
in which it is conducted should be exposed to a good 
cinrent. The arrangement for eflecling this is repre- 
sented in fig. GO. A closet, m, is built against the side 
of tbe room next the cliimney, and communicating wilb 
it by an opening near the top. The front of this closf 
may be fitted with doors, leaving a narrow openingj 
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the bottom for the admission of air, or may be closed 
by a curtain running upon a wire at the top, and leav- 
ing, like the doors, a space at the bottom. 

Within the closet are several shelves ; beneath the 
lower range the macerating vessels may be placed, con- 
cealed by a door. If desired. Upon the shelves ligament- 
ous preparations and examinations can be made, and 
subjects deposited. 

In arranging the windows of rooms especially for in- 
vestigations in pathological anatomy, it is well to have 
the principal light from the top ; in addition to this, it is 
desirable to have one window opposite the end of the 
table, that light may fall horizontally into the cranium, 
and deep into the thorax, the body being reversed by 
raising and reversing the movable frame of net-work up- 
on which it is placed. 
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^^H CHIMNEY-TOPS, TURN-CAPS, AND VENTILATOR) 

^^^ Action of ' 
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Action o( Turn-caps not well underaEood. — Wind bloving boci- 
lontally over a Chimaej-ti>p, however strong, doea nol dimjaish 
dischBrge of Smoke. — Conlraclion of Chimney-lop In moat Cues 
Bufficient lo prevent Smoking, — Acliao of a Current of Air when 
moving in Ihe Direction of the Smoke. — Saint-Martin'a Chimney- 
top. — Tredgold'a. — Vbtidds Forme ofTopa. — Compatnlive Value 
of Turo-capa. — In a ationg Wind any Cowl effectual which pro- 
leots the Flue from the direct Influeace of the Wind. — In a light 
Wind Cowla oflen injurloua to the Draught of a Chimney, 



The object of turn-capa upon chimney-tops is to 
protect them from ihe influence of currents of wind, 
which may descend upon the flue and prevent the es- 
cape of smoke, or force it into the apartment. They 
are also used to increase, in some instances, the velocity 
of the smoke in the chimney. There are few objects 
on which so much time has been spent and misspent, 
and for which so many patents have been taken out for 
the same form and for different forms, as for turn-caps. 
Their great variety, and the constant changes in their 
arrangement, are proofs that more is expected of them 
t)ian they accomplish, and that the principles upon which 
they act are not well understood. 

When a clirraney stands alone, and is not over-topped 
by other objects, its draught will depend upon its height 
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and temperature, and be but stigbily influenced by the 
wind. It might at Grsl seem that ihe wind blowing hor* 
izontally across the top of a cbimney would prevent the 
escape of smoke ; but it is not so ; the velocity of the 
escaping gases compensates for the diminished section, 
as is easily shown, boih by experiment and reasoning. 
In every other direction, the wind may or may not have 
an in6uence upon tlie draught, according to its velocity, 
and according as its direction coincides i 
ihat of the draught. 

Id most cases it is found sufficient i 
chimney-top, as has already been mentioned in a for- 
mer chapter, by which sufficient velocity is produced in 
the ascending current to overcome any slight unfavorable 
circumstances in the direction of the wind. When the 
ascending current Is feeble, this may not be suSicient ; it 
may even be a disadvantage, for every contraction is at- 
tended with a loss in the total discharge. In such cas- 
es, it would obviously assist the escape of the smoke, if 
we could give the wind the same direction as the smoke. 
This is frequently accomplished, to a certain degree, by 
means of a conical chlmney-iop, as is seen in the fol- 
lowing figure (fig. C3). Air moving as indicated by the 
arrows, and striking the inclined surface, is deflected 
and assumes the direction of the surface against which it 
impinges ; this it does in all cases, whatever be the form 
or direction of tlie surface. In this case the wind takes 
an upward direction, approaching more or less that of 
the smoke, and increases its velocitj'. 
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The velocity is lacreased in two ways. First, ac- 
cording (0 ibe general principle by which tbe motioD of 
Tig. 63. 




a fluid is communicated Co the lateral parts which are at 
rest. We have already* given an example of this ac- 
lioa ; the fall of water in a flue, drawing along nilh 
it sufficient air to produce a draught for the fire under 
an engine -boiler. The same communication of motion 
occurs in ordinary chimneys, llirough the infiuence of 
air upon air, but to a less extent ; wind passing rapidly 
in a direction approaching that of the smoke, as in fig. 
63, draws along the smoke, and increases the draught, 
Of the cause of this lateral communication of motion 
no satisfactory explanation has as yet been o^ered. 
Secondly, when a current of air impinges upon a sur- 
face (A B, 6g. 64) perpendicular to its direction, it 
flows out towards the borders of [he surface, and, after 
reaching its borders, tends to pursue its original direc- 
tion, under the influence of the general current ; as that 
direction is also nearly perpendicular to the surface 
A Bj there will he a point, C, behind the surface, into 
which air can find its way only by change of direction 
of the general current, which does not immediately lake 
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place, and from which air is drawn under the influence 
of the principle just stated. A direct consequence of 

Fig. 64. 

T 

I 
B 

the action of these two principles must be a diminished 
atmospheric pressure at the point C ; and a tube placed 
with its mouth at this point, and the other extremity 
reaching beyond the borders of the surface A B, will 
have a current established through it.* Now the direc- 
tion of the current, fig. 63, is upward after striking the 
mclined coving, and the mouth of the chimney is in 
the point of diminished atmospheric pressure ; conse- 
quently the velocity of the warm air in the chimney 
will be accelerated. 

It is clear from the preceding explanation, that any 
increase of velocity in the smoke will depend upon the 
velocity of the impinging current, and will be null in a 
calm. From experiments made upon the conical chim- 
ney-top by its inventor, Delyle Saint-Martin, a lieu- 
tenant in the French navy, it appears, that, when the 

* The most fitmiliar illastration of this effect of a current is had 
in that of water flowing by the square pier of a bridge ; the surface 
of the water is always more or less depressed behind the pier. 
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impinging current had a velocity of fifteen feet per sec- 
ond, that of the ascending current was five feet per 
second, or about one third.* Perhaps there is no other 
form of chimney-top which affords so many advantages ; 
it draws out the ascending smoke, and increases the 
draught ; it contracts the chimney, and gives the smoke 
greater velocity at the moment of escape, and at the 
same time opposes the entrance of the wind into the 
chimney-flue. 

A great variety of chimney-tops have been in use, 
generally arranged with reference to the particular wind 
to which the chimney is exposed. 

The most common is the T, with the cross-piece 
cylmdrical, as in fig. 65, or enlarging at the extremi- 
ties. To this is sometimes added the end-pieces, as 
in fig. 66, or portions of cylinders at right angles, and 
opening above and below, as in fig. 67. As a still 

Fig. 65. Fig. 66. Fig. 67. 
( ) ' ' 

ir ir nr 

further security, end-pieces are sometimes applied to 
each of the four openings. 

Fig. 68 represents a form of top which, for the 



* Journal de Physique, 1788, Tom. II., p. 161. The chimney-top 
of Saint- Martin was composed of two hollow truncated cones, of the 
same dimensions, one above the other, with the flue terminating in 
the lower cone. The lower borders of the upper cone descended a 
little below the top of the lower. 



▼AKIOUS FORMS OF CHIMNET-TOFS, 



353 



most part, places the draught beyond the influence of 
wmds, whatever may be their direction. The side- 
piece A B is cylindrical, open at the top and bot- 

Fig. 68. 



B 
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torn, and much larger than the flue over which it is 
placed. Above the cylinder is placed a plate, or a 
portion of a sphere, with the convex surface upwards. 
Instead of a cylinder, the piece A B is sometimes 
made conical, with the base downward, or with both 
ends contracted, by which it is made to assume a 
spherical shape, with portions removed from the upper 
and under surfaces. This form is very common on 
board United States vessels for the protection of the 
galley-funnels. 

Fig. 69 represents that recommended by Tredgold. 

Fig. 69. 




It is similar to the one first described ; it has, how- 
ever, an additional advantage, that of giving the proper 
contraction to large flues. The cap is made of copper 
or plate-iron well painted, that it may slide into the 

30* 
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chimney-pot or the top of the chimney. In the figure, 
the contracting-cap is inserted in the chimney-pot. The 
external aperture is made of the proper dimensions, 
and the space between it and the pot is filled by a 
sloping conical surface, for the reasons above mentioned. 
The dimensions of the opening are preserved the same 
for a certain distance down the flue, after which the 
cap gradually assumes the size of the flue. The curve 
here indicated is found to be advantageous in preventing 
eddies, and directing the smoke towards the outlet. 

A top has been contrived, which is said to be more 
satisfactory in its action than any other. It is made in 
the form of a large cylinder, closed at the top, and com- 
municating below with the smoke-pipe, as in fig. 70. 

Fig. 70. 
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This cylinder, which is made of copper or sheet iron, 
is pierced from within outward with a great number of 
square holes, the pieces of the metal which are forced 
outward forming small truncated pyramids projecting 
externally, like those formed upon the bodies of the 
tin lanterns formerly in common use. Experiments 
have been tried with this top by placing it upon a stove- 
pipe in which a smoke was made, and exposing the top 
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to a blast from a centrifugal fan, but without in any 
degree preventing the free escape of the smoke. The 
only inconvenience to wliich it seems liable is the ac- 
cumulation of soot in the openings, by which it may be 
gradually obstructed. It has been recommended for 
those chimneys which rise but lillle above the roofs of 
houses, and which are subject to downward draughts 
from all quarters. 

The advantage derived from giving the escaping 
smoke and the wind ihe same direciion has led to 
placing upon the chimney a movable cap, or turn-cap, 
by which ihe opening should always be turned from the 
wind ; the wind is then not only prevented from entering 
tbe flue, but, in accordance with the principles already 
explained, increases the draught to some extent when 
its velocity is greater than ihat of ihe smoke. 

The simplest form of turn-cap is a short cylinder, 
somewhat larger than the flue upon which it is placed, 
and around which it turns upon an axis fixed in tbs 
centre of the flue. It is closed at the top, and has 
about one third of its surface removed, for the escape 
of the smoke ; upon the top is placed a vane, by wliich 
ttB direction with reference to the wind is maintained. 
Where a portion of the surface is removed in this way, 
it is found necessary to place pieces of metal on the 
aides of the opening, or a single piece in Ihe middle 
of the opening, against which the wind may act and 
aid in turning it. 

Instead of removing a portion of the cylinder, the cap 
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is made as in 6g. 71, D, and is surmounted by 
as in the other form. To this is frequently added a lie 
of less diameter than the cowl, passing from its biek) 
where it is tunnel-shaped, into its interior, until it passes 
the opening of the upright flue ; as shown in ti)e9e^ 
tion I, fig. 71. This last form is found to be nm 
efficacious, inasmuch as it affords more surface forth 
impinging current to act upon and draw up the aire* 
cending the smoke-flue ; its tunnel shape may also ir 
crease the velocity of the wind passing through it. tj 
is called the blow-pipe cowl.* 

Experiments were made in 1842 by Mr. T. Ewbaiii 
to determine the comparative value of several fonosil 
chimney-caps and ventilators. The cap was placJ] 
upon a glass tube of an inch and a quarter bore »l 
twenty-eight inches long ; its lower extremity descendtil 
into a vessel of water, and its upper extremity, bea 
the model of the particular cap to be tried, was plac 
in a blast of air from a pipe three inches in diamet 
The blast was derived from the blowing apparatus 
an iron foundry, and was kept as equal as possft 
The results were as follows. 

1. The glass tube was placed perpendicularly 
its open end in the centre of the blast, the axis of 



♦ This form of cowl has been several times reinvented, and i«i 
to have been not long since patented in the United States. Iti 
introduced into the British navy more than twenty years igOjj 
Captain Warren , who had seen it on board a French frigate. 
Mechanics' Magazine, Vol. II., p. 338, where it is figured and' 
Bcribed. 
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and that of the blast being at right angles to each 
r. No change in the level of the water within the 

was perceived. 
. The tube C was placed upon the glass tube, the 
1 portion being turned from the blast. The water 

in the glass tube from If to 2^ inches. With 
open portion at right angles to blast, no movement 
le water. 

Fig. 71. 
C D B T IT 
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. D, when placed with the horizontal branch in. 

direction of the current, raised the water from IJ 

:J inches ; horizontal branch making an angle of 45^ 

I current ; water SJ inches ; when making angle of 

9 water 2| inches. 

] produced no greater effect than D. 

', it was supposed, would have been more effectual, 

it was not tried. 

. G is a hood, the back of which forms an angle 
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of 30^ with the side of the pipe on which it is placed ; 
its position was with the opening turned from the blast. 
Water raised from 3| to 4| inches. Turning the open- 
ing into any other position diminished the effect. 

5. H gave 2^ to 3| inches of water ; when in the 
direction of the current, at right angles to it, it ga?e 
4| inches. Various modeb were tried, but in all it 
proved inferior to G. 

6. I is the blow-pipe cowl ; outer case, 4} inches 
long and 1^ inches bore ; inner tube | of an inch bore ; 
conical portion to catch the wind, 2^ inches long. 
Water raised 4^ inches when axis of cap in same direc* 
tion as axis of blast ; at 45^, 3^ inches ; at 90^, | inch. 

7. J, same cap with a cone on its open end to pre- 
vent currents of wind from entering it. Water raised 2J 
inches in direction of current ; at 45^, IJ ; at 90^, level. 

8. K, having the perpendicular and horizontal tubes 
of the same diameter ; the latter, 2} inches long, 
in the direction of the axis, gave no elevation, occa- 
sionally a depression ; at 45°, 4 inches ; at 90°, 2 
.inches. 

L, the same as K, but with a projecting piece so 
as partly to cover the perpendicular tube, gave 4^ 
inches. 

M has its horizontal portion 6 inches long and con- 
ical, with the larger diameter 2 inches. It gave 8| 
inches. 

N, same as M, with the projecting piece removed. 
Water rose from 13 to 15 inches. 
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A short conical tube, whose moulh flared out to two 
inches, was inserted in the smaller end of N. Water, 
18 inches. A longer lube, whose mouth reached lo 
the orifice of the blast tube, caused the water to rise 
out of the glass tube, which was 28 inches in length. 
The surfaces of contact in the two currents, the im- 
pinging and ascending, in this case are large, since the 
first passes through as well as over the cap, and its di- 
rection is outward as it leaves its moulh ; it is this com- 
bination, probably, \vhich gives it its efGciency. 
'9. O, like N, but having the horizontal branch 1^ 
I bore, gave from 16 to IS inches. On addmg 

Sisbort diverging mouih-piece in the same manner as 
to N, the water rose from 22 to 24 inches. 

From these experiments, it is inferred that the last 
is the best form of turn-cap. It is suggested, that a 
conical tube might be placed in the smaller end, pro- 
jecting but very little beyond it, a litlle farther at the 
under side than the upper, the more readily to catch 
the descending currents, but not so much as to prevent 
the wind from sweeping close around the exterior of 
the horizontal branch.* 

It is, however, very difficult to judge of the efficiency 
of turncaps from experiments like those just detailed. 
The force of the blast was greater than that of the 
winds to which the caps will usually be exposed ; 
and if the blast was that generally employed in iron 
foundries, it must have been greater than that of violent 

" Journal of the Franklin Inelilule, 1842, 3d aeries. Vol. IV., 
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burricanes. It is very questionable) notwitfastndieg the 
great apparent difference in the ezperioients hetmsB 
these different f<Nrms, whether thejr have waj. rery de- 
eided advantage, practicallj, over the simple cowl with 
its back to the wind ; bdeed, we see that the cap G, 
which is a simple hood, is better than the conical cap 
H, or Espy's ventilator, as it is usually termed. It 
would be a great assistance, in determining the compar* 
ative value of the caps, to knov^ the relative vdooi^ of 
the impinging and ascending currents- 

In a strong wind, any cap wUl be effectual which 
prevents the wind from beating directly down upoo 
the chimney ; this may be done by any of the fonv 
in fig. 71. In a Ugbt, unsteady wind, the time when 
the cap is most needed, it is subject to a disadFaotage 
which it is difBcult to obviate. The friction is always 
considerable, and, under the circumstances just men- 
tioned, the opening of the cowl will often be directed 
towards the wind ; in this position, the wind will have 
but little influence upon the vane, and the smoke, if 
the draught is feeble, wi]l be driven into the apartment. 
The steadiness of the cowl may be increased by makiog 
the vane double, the two sides forming an angle of tea 
or fifteen degrees (*<==)• The single vane in common 
use, receiving no pressure from the wind when in its 
direction, has the same tendency to flap as a loosened 
sail. The friction may be diminished by nicer work- 
manship, and the noise lessened .by allowing the covl 
to run in leather collars ; but the objection we bard 
alluded to will only be dYmLvmsYv^d^ tlo\ xemoved. 
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Fig. 72 is a section of a cowl which is not liable to 
this objection. It is a cone balanced upon a point in 

Fig. 72. 




such a manner that it may be tilted in any direction. 
The wind blowing upon it depresses the side upon 
which it strikes, and at the same time elevates the op- 
posite side ; the wind sweeping over it exerts some in- 
fluence upon the ascending current. During a calm, 
it hangs with its base horizontal, and ofiers no impedi- 
ment to the escape of the air around the whole cir- 
cumference. We have used the 6xed cone in some 
cases with great advantage, especially when fitted up 
with the deflecting board (see page 253). 

A simple plate is sometimes used, moving on an axis 
fixed across the flue, as indicated by the dotted lines in 
fig. 63. Tt is obvious that it will, under the influence of 
the wind, assume a direction which will prevent its en- 
tering the chimney. It will act in two directions only. 

Since turn-caps are liable to several objections, we 
should, wherever it is possible, — and the circumstances 
must be rare in which it is not, — construct a fixed 
chimney-top, to remove the flue from the influence of 
the wind and improve its draught. 
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E, iti Influence on the Health sod Mortatity ol 
II of Sewera. — Curved Seweia most udvaatageouB. - 
temstic Drama^. — ImporLance of Flans and Levels of Cities 
with Refereace to Drainage. — AdioqdI oF Fall in Seven. - 
Maleriala for Sewers.— Anglo of JuncUon of Sewers -Of 
Cleiniing. — Ftusbing. _ Watei-closeti and Fri vie e. — Supply of 
Water for Water-closets, — Of preventing offenBive Odor from 
Privies. — McLean Asjlum, Dminage of 

The removal of impurilies by properly coostructed 

l^ewers is inlimalely coanecled with ventilation, since it 

I can liardly be expected tliat the esseDlial requisite of 

Tentilalion, ptire air, can be obtained, when the ground 

is covered bj putrefying matter, or soaked with refuse 

water. Under some circumstances, it may be even 

better to submit to the consequences of a stagnant al- 

litBosphere, than introduce air which is already impure 

ilrom these causes. 

W The inSuence of definienl sewerage on the amount 
BW sickness and the mortality in a district has been 
nODg known to physicians, and has been more recently 
B^nGrmed by careful statistical investigations. In some 
■bowns, the mortality lias diminished more than twenty 
ner cent, after the introduction of proper sewers and 
Bfcaias. The amount of sickness preyented by the same 
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i Eot lo be ascertained so accurately ; but an 
approximation may be made, if we consider that the 
results of some medical institutions give about twenty- 
eight cases of sickness, of nearly three weeks' duration 
each, for every death. 

The form of sewers has great influence upon their 
effective action. When the bottom is flat, especially 
if the water is shallow and the flow slow, a large amount 
of deposit is left. The water flows sometimes in a 
channel, leaving a deposit on each side, and sometimes 
upon one side, leaving a deposit on the other. If, 
however, the stream, instead of being thus scattered 
and diminished in force, be kept in a mass, preserving 
as great a depth as possible, these evils will be avoided. 
This object is attained by giving the bottom of the 
sewers an arched or semicircular form. The amount 
of deposite is said to have been diminished one half by 
substituting the arched for the flat bottom. 

Another advantage of the curved sewers is the in- 
creased strength ; and for this reason the sides also 
should be curved. Sewers with flat sides, in clayey 
ground, are not unfreqiiently forced in by the pressure 
of the surrounding earth. To tJiese may be added a 
third recommendation, a diminished expense of con- 
struction for the same capacity and strength. 

Improvements have been lately introduced into the 
drainage of cities, by which it has been conducted upon 
a system. Plans and levels are made of the whole 
district to be drained. The common sewers are laid 
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with refereoce to ifae amount of nater ibey are lo carrv. 
sod its velocity. The builder may also, by these plans, 
Ascertain the level at which the bottom of his cellar or 
his house-drain must be placed, thai all refuse waier 

^^_ may be c'ouducted into the conunon sewer. 

^^B Tbe followiiig figure (fig. 73} represents the form 

b 

^^H adopted ii 
^^P section is 
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Dgure ^ng- ws) represents ine lorm 
r,g 73. 



adopted in the new sewers of London. Its transverse 
section is egg-shaped, with the smaller end down, 
tbe vertical diameter being at least double the horizontal 
diameter- The bricks forming tbe bottom are made 
with radiated sides. Many of these sewers are con- 
structed and found to answer well with a fall of but 
two inches in 100 feet ; and in one instance, where b 
small stream was conducted through the sewer, the fall 
was at ibe slight rate of 1.63 inch — less than 1| inch 
-^in 100 feet; and yet, slight as it is, it is kept per- 
fectly clean. 

The drains of houses are smaller, and, from various 
I causes, more liable lo obstruction ; they are therefore 
constructed. Figures, 74 and 75 represent 
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in section two of ibetr forms which are well adapted 

to cleanse themselves ; the inclined bottom, approaching 

the form of that just described. The first is laid with 

Fig. 7<. Fig, 75. 
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bricks, and covered by flat stones. Tbe second is com- 
posed principally of clay, burnt, and forming a kind of 
tile. The drain is made in two portions, each of which 
is usually from 18 to 34 inches in length, and placed 
one upon the other, as represented in the figure. The 
fiat sides are preferred lo the circular, inasmuch as they 
afford a firmer bed for the under portion, and a broader 
bearing surface at the line of junction. Both of these 
forms afford means of raising the covering of the sewer 
for the removal of obstructions, without destroying the 
structure. 

All right angles and sudden curves in sewers should 
be avoided ; eddies are occasioned and deposits of sedi- 
ment formed, which would otherwise pass off; the flow 
of water through such sewers is also diminished by the 
resistance offered by their sides. It has been ascer- 
tained by Mr, John Roe, an engineer who has charge 
of two divisions of the London sewers, that the time 
occupied in the passage of an equal quantity of wa- 
ter along similar lengths of sewer with equal falls 
was, — 

31* 



F 



ANCLES AJ4D CUBVES IN SEWEHS. 



1 



i 



Along B itcaigbt line . . . 90 Be 
Wilh ■ true cmre . . .100 

With ■ tam it right angles . 140 

In some of the best sewers, no curve is allowed of 
less radius than 30 feet, and ihe fall is increased at ihe 
curvature to compensate for any loss in velocity it migbt 
otherwise sustain. When sewers join, they should 
meet at right angles ; the side sewer should fall inio the 
main by a curve tangent to the direction of the main, 
by which means eddies are avoided. The resistance 
Hoe to a junction at right angles, (o a junction wilh a 
fenrve of five feet radius, and to a junction VFith a curse 
twenty feet radius, with a velocity of 4^ feet pw 
second, has been calculated to be as follows 
For a curved jnnotion of 20 feet radiua, reaislant 
Foi a ctuved janction of 5 teet rading, " 

For a JDQction at right angles, " 

The latter increasing the resistance more than 200 
cent. 

It is important that all sewers and house-di 
should be so constructed that air shall not est 
from Uiem into the streets and bouses. This esi 



* Report from the Poor-law Commiaaioners on the Sanitary 

of the Laboring Population of Great Britain, July, 1843, p. 3 

is quite Temarkable, that, according to the experimentE of M. Ven- 

Ri, the eipeniiitureB from a straight tabe, a curved lube in a qaid- 

:, and an elbowed lube having the angle STP (each being 

intallj), c(E(. par., are nearlj u 70, SO, and 45 (preciselj 

« propoTliona given above). See Nicholson's Joamal of Fhiloa ' 

, (which coDtaini Veaturi'a enUre work,} Vol. II., p. 4B7. 
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frequentlj occiira when the outlets of the drains are 
exposed to the influence of a strong wind, or they open 
into the docks, when the tide rises into them and drives 
the air before it. The contrivance by which this is 
prevented is the stench-trap, represented in section 
(fig. 76). It is usually made square, as represented in 
Fig. 76. 




the figure ; llie bottom of the well descending sufficiently 
below ibe bottom of the drain to allow space for the wa- 
ter to flow freely under the perpendicular division, which 
descends about four inches beneath its surface. When 
the water fills the trap (o a level with the bottom, A B, 
of the drain, no air can pass from one side of the division 
to the other. An improvement on this form is to make 
the bottom and sides of the well curved instead of flat, 
as indicated by the dotted curved line ; the sediment is 
then more freely removed by the flow of water ; practi- 
cally, traps thus constructed are very much less liable to 
become clogged. The odor of drains perceived in un- 
occupied houses is often owing to the evaporation of 
water from the stench-lrap, which allows the air to pass 
through it. 

£w«nd modes have been devised for cleansing sew- 
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ers. In many cities, the sewers are large enough to al- 
low workmen to enter them, and remove the obstruc- 
tions by means of buckets or barrows. This is proba- 
bly, in large cities, the most common mode. There 
are, however, objections to it, and lately the system of 
flushing has been introduced. It consists in fixing gates 
in the sewers, by which, when desired, the ordinary 
flow of water may be made to accumulate ; the gates 
are then opened, and the force of the water is sufficient 
to sweep off the deposit. The stench-traps are fre- 
quently made square^ as represented in fig. 76, and 
deep, for the purpose of collecting all the sediment, and 
from which it is removed through openings communi- 
cating with the street above. It is obvious that a free 
supply of water will in all cases render the sewerage 
more simple and eiBcient. 

In Boston, since 1827, the common sewers have been 
made round, and about twenty inches in diameter (fig. 77). 

Fig. 77. 




They are built of hard burnt bricks, set edgewise, the 
lower portion being laid in cement, and the upper in 
mortar. The fall is seldom less than eight inches in one 
hundred feet, an inclination which is easily obtained in 
this city, situated, for the most part, upon ground many 
feet above tide-water. All sewers empty into the 
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docks about two feet above the bottom, from which im- 
purities are swept away by the tide-water. Sesspools 
are constructed at intervals of about two hundred feet, 
both for the formation of stench-traps and for cleansing 
the sewers. These are about two feel long, by twenty 
tncbes wide, and descend two feet below the bottom of 
the sewer. In all cases, a well about two feet square is 
made to them from the street above ; they are cleansed 
twice during the year, — once in the spring, and again 
in the autumn. The barrel drain has never, as yet, been 
stopped by sediment, although the flat-bottom drain in 
the immediate vicinity has beea repeatedly completely 
obstructed. 

The air of houses in cities is often rendered unpleas- 
ant by the emanations from privies. A part of these 
emanations must exist, where privies are not frequently 
cleansed, and where they are under the same roof with 
the house, or very near to it. Another source is the 
percolation of the fluids of the vault through its walls, 
sometimes into the rooms of adjoining houses. The 
foundations of iiouses become saturated with the foul wa- 
ter, and the atmosphere so tainted that it is said meat 
cannot be kept a single night without becoming in- 
jured. 

The best mode of obviating these evils is the abolish- 
ing of vaults and privies, and the substitution of waler- 
closets. Of these there are several in use ; that most 
frequently met with is the " pan-closet." This is effi- 
cient, but requires that a handle should be raised, that 
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the water may flow and wash the soil-pan ; the bandJe 
might, however, be connected with the door in such a 
manner that the shutting of it should give the requisite 
movement to the handle. A simple kind of closet bas 
been recently invented, and is in common use abroad ; it 
is represented in fig. 78. A is the soil-pan ; B, tbe soil- 
Fig. 78. 




pipe ; D, the stench-trap, or D, as It is usually called, 
which is fiUed with water to the bottom of A ; E, the 
pipe supplying water, one branch going to the pan, and 
another larger branch to the D, by which it is thorough- 
ly washed, and its contents forced into the soil-pipe. A 
third form consists of a pan, connected, by a pipe four 
or five inches in diameter, with a drain, through which 
all the water from a pump-shoe passes ; the pan is occa- 
sionally washed by pouring water into it. There are 
objections to this plan : first, it is much less effectual 
in preventing disagreeable odors than either of the oth- 
ers, even if the drain is well trapped ; secondly, unless 
the quantity of water passing through the house-drain is 
sufficient, it will become obstructed ; thirdly, the sess- 
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K>ols of the common sewers, into which the house-drains 
3mpty, require to be frequently cleansed. This is be- 
cause the water passmg through the drain is not suffi- 
[^ient, as in the other two forms, to keep the solid mat- 
ters in a state of suspension. But where the quantity of 
vrater passing through the common sewers is large, and 
the fall considerable, this plan has been found to answer 
tolerably well. 

It may be objected, that the expense and care re- 
quired to keep closets in order will prevent their intro- 
duction to any considerable extent. But it is very ques- 
tionable whether, in most cases, the first cost of the 
privy and vault is not greater than that even of the pan- 
closet, the most expensive of the three kinds just de- 
scribed ; if to this we add the expense of cleaning and the 
injury often done to the buildings by the night-men, it will 
be much more than a set-off to the necessary repairs of 
the closet. If the second form of closet were adopted, 
which can be furnished at about half the price of the 
first, it will be found decidedly the cheapest, in every 
respect. 

In winter, in cold climates, there is some danger that 
the water in the pipes may be frozen ; but this can always 
be obviated by placing the water-closet in such a posi- 
tion that the soil-pipe may pass down near the kitchen 
chimney, the waste heat from which would be quite suffi- 
cient, not only to prevent the water in the pipes from 
being frozen, but that in the cistern also. 

With regard to a supply of water, no difficulty can 
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■rise, except in places which have no public provision ; 
in such situations a forcing-pump and Btnall cistern will, 
tl little expense and trouble, provide all that can be re- 
quired. In most cases, the cistero alone will be need- 
ed, since it can be filled by the rain-waier collected from 
ibe roof. 

Several methods have been tried for separatJag the 
liquid from the solid portion of the collections in vaulia. 
If this separation could be readily accomplished, an<l 
Uie liquid alloT^ed to flow off into llie common sewer, 
no jDconvealence would result as far as the sewer is con- 
cerned, and as the liquid is sis times the bulk of \hs 
solid matter, the vaults would require cleansing less fre- 
quently, in the same proportion. 

One plan for effecting this purpose consists in placing 
a leaden pipe, two inches in diameter, pierced with holes 
about half an inch in diameter, in the vault, reaching 
from the lop to the bottom. The lower end of the pipe 
is connected with a drain or sesspool, into which the 
liquids pass, leaving the remaining portions comparative- 
ly solid. 

Instead of vaults, casks are sometimes used, into 
which all refuse matter falls through a tube 6ve or six 
inches in diameter, and fjom which the liquid is allowed 
to flow into other casks, or into drains, by means of the 
pipe just described. The casks, when filled, are re- 
moved, and the openings properly secured, after w 
they can be transported without inconvenience to 
distance. 
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When a vault cannot be avoided, the adoption of the 
first of these plans will materially diminish the inconven- 
ience ; still the house with which it is connected will be 
liable to receive the emanations from it. The following 
arrangement has been found to prevent, under ordinary 
circumstances, the escape of gases from the vault itself ; 
but it does not prevent the saturation of the foundations 
and earth in its neighbourhood, and the consequent con- 
tamination from these causes. The vault is made as 
tight as possible, by means of cement, and no air is al- 
lowed to enter it, except through the seat. A trunk, 
either of wood or metal, six or eight Inches square, its 
dimensions depending upon the size of the vault and the 
draught which can be established in the trunk, is placed 
beneath the seat, and connected with a flue in contact 
with the kitchen chimney, or some other chimney in 
which there is a constant fire. If such a flue cannot be 
obtained, a pipe of sheet iron, or, what is better, cast 
iron, may be placed in the chimney, reaching five or six 
feet above the fire, that it may not interfere with the 
draught. By this means, we shall be able to produce a 
downward draught into the vault, while the heat to which 
the gases are exposed in the chimney raises them to a 
height from which they will be rapidly dispersed without 
annoyance. This arrangement has been found so suc- 
cessful, that, in all cases where the privy is to be placed 
near the house, it will be well to construct a flue for 
this purpose ; even in water-closets it would not be 
amiss to take the same precaution. 

32 



r 



374 INFLUENCE OP WATEa r.N 

It is now well ascertained ihat all ibe accumulaUons of 
which we have spoken may be rendered nearly ioodor- 
by mixing them with a sufficient quantity of water, 
and that in this state they may be thrown upon grass 
land, or allowed to flow over it, with ihe greatest advan- 
tage. • At the McLean Asylum, at Somerville, tlus 
principle has been practised upon for the last twenty 
vesra. All the refuse matter from the water-closets and 
sinks, and the water from the baths and pump-shoes, is 
emptied into sewers which conduct ibera with a rapid 
fall to the garden, about six hundred feet distant. In 
the garden, they are allowed to flow over tlie grass, 
vbicb is always very remarkable for its luxuriance, and 
occasionally to a quantity of earth and sods, which, af- 
becoming sufficiently enriched, is removed for agri- 
Oihural purposes. I am not aware that any inconven- 
tiBS ever been experienced from this practice ; in 
the liquid parts are quickly evaporated or taken 
rank vegetation, and in winter they are frozen 
by the earth. 

Mtdethsi Found by experiment, Ibat, when one hun- 
Pi^^ _i« «iF W*t(-i are iiiiii'd with one of the liquid matter from 
I ■Wt»*v'*' '*"*"'" Pvolvee no emell, and that with fifty parts of wa- 
I ^ ^ ^ t^irtwi- " Cat," aaya he, " malgrS le dfigoOl inatparable 
I ^ -xJr- T*"rifc*''0"'' nous n'acoiis pai ctaintt de la goiter." ' ~ 
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The Praduttitm of Wax end Fat. 

The slalement in the text, thit animals produce no organized 
Gubstances, muBt be admitted generally; hut eotne rare exceptions 
may exist. Liebig, in his Ireatiee on Animal Chemistry, asaumes 
that animals have the power of Iransromning certain vegetable 
substances into others possessing entirely different properties. He 
belieyea, for instance, that angar may be converted into fat, or 
wax, and appeals to Huber's experiment showing the prodnc 
of wax by bees fed on sugar, for support. Dumas, on (he olbei 
ha d ach hat animals produce neither wax nor any other 

b 

I 843 M Milne Edwards mode som 
dip f wax in bees, the rEBulls of which i 

D cated h French Academy, and published in the Comptes 
Bendui d ''i nee, du Se^tembre 18, 1B13. In this e 
M. Edwards analyzed a number of the bees from a s 
which the experiment was to be made, as well as the honey upon 
which they were lo be fed ; after a time, the cells Ihey had con- 
BlTDcted were weighed, and a number of the bees analyzed. The 
reaoltB were as fallows : — 
32* 




w 



$ 

* 
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The latty mallei already eiisling io Ibe body of eBct Gmmme. 
bee waa eaiimated at ... . 0.0018 

That furaiabed each worker during the eiperiiDent did 

not eiceed ..... 0.00038 

Consequently the total quantity of fatty mattera fur- 
nished in the food did not exceed for each bee - 0,0033 

But during the expetimeat each worker had pioduced a 

quantity of wax equal to . . . . 0.0064 

And after having furnished ibia secretion, eadi bee con- 
tained in his body, either as was or fat, . . 0.0043 

Tola!, ...... O.OIOfl 

From which we should conclude tbat bees possess the power 
of producing wax or fat. 

M. Edwards, although he is coDilaeed that bees have this 
power, is unwilling to admit that all animals possess it. The 
aecredon of was is peculiar tu a small number of insects, for 
which ihey are provided with a peculiar glandular apparatus, 
Tery difieient from the adipose tissue of other animals. If Aoi- 
nials can transform sugar into fat, we have but to feed them upon 
it to fatten ibem ; but experience has shown tbat Ihey grow lean 
upon Bucb food. Hugs will not fatten welt upon potatoes ; but 
add skim-milk, and they will. Foialoes contain but a small quan- 
tity of fat, while skim-milk contains about five per cent. Cows 
give the richest milli when fed upon hay containing the greatest 
amount of oily matter. Generally, Itiose animals only become 
fat who consume fat. M. Edwards thinks that the materials con- 
elituting animal bodies should be cotisidereil as forming a certom 
number of distinct naturSil families, the different species of which 
may have a common origin, but are not derived from the slock or 
products of another group. Thus, in his opinion, nothing in sci- 
ence authorizes him to believe, with Liebig, that fat is derived 
from fibriue ; but be would readily admit that albumen may be de- 
rived from fibrine or gelatine, and that oil of almonds may be- 
come animal fat. He supposes that animals have the power of 
modifying alimentary substances to a certain degree, but that they 
produce no compounds which are not closely analogous to those 
fiom which they are derived. This seems lo be the llieory gen- 
erally received by organic cheimata and ^tiNB\olaii,i&ts. ^M 
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No. n. —p. 17. 
Weight of Expired Oases. 

800 cnMc inches of air at 60% and a dew-point at 40^, will 
weigh 363.395 grs. 800 cubic inches of air at 95% containing 
8j| per cent, of carbonic acid and 5.6 grs. of vapor, dew-point 85°, 
will weigh only 233.450 grs. ; nearly 5 per cent. less. Hence, 
air, when expired, rises to the ceiling. 



No. in. — p. 19. 
FormuhB for the Dilatation of Gases, 

The experiments mentioned at page 19 give the dilatation for 
1« Cent. 0.00364, and for I*' Fah. 0.00203. 

Let V represent the volume of a gas at the freezing point. 
y the volume at 1? under the same pressure. 

Let a represent the coefficient of dilatation, 0.00364 for 
the Centigrade, and 0.00203 for the Fahrenheit scale ; we have 

V'=V(l + fl-0. 

If V were the volume of gas at /°, V the volume of the same 
gas at f^ under the same pressure, we shall have 

V'—V \±^^ ; or V = V(l + a (f-t)). 

This last formula being obtained by neglecting the terms which 
contain the square of a ; it is much more simple, and sufficiently 
exact. 

If the volume V were under the pressure p, and the volume 
y onder the pressure p', we shall have 

neglecting the square of d, we have 

V'-^(i+<i(<'-0). 



No. IV, — p. 29. 



r 

^^^'' I Dnmu and Boussingault analyzed aimoepheric air by fixing id 
^^^ osjgeD OD copper, whicb was weighed ; the azote was aJso wt-M 
lected and weighed. 

1000 parlB of air at Paris coDtained by n 

Apiil 37, fair weather. 




May S9, rainy, 

July 20, mid-day, rainy, 
" 21, midnight, clear, 
" 36, mid-day, clear, 



Conswnpli 

From experiments of Dumas on himself, it appears that a 
I- twenty cubic inches were received into the lungs at each inapiri 
tion, and from fifteen to aevenieen inspirations per minole. 
expired air contaioed from three to four per cent, of carbonic add, 
and had lost from four to six per cent, of osygen. These dala, 
for each day of twenty-four honis, giTo, 

I IB insp. X30 cubic inches ^ 330 cubic inch, expired per a 

19,300 " " honr,, 

ie0,800 
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Admitting as a mean 4 per cent, of carbonic acid, we have 



768 cub. inch, carbonic acid per hour. 
18,432 " " day. 



Transformed into weights, we have 

2,572 grains of carbon burnt per day. 
857.5 gr. of carbon which represent hydrogen burnt per day. 

3,429.5 total of carbon burnt in 24 hours. 

This would be about 139 grains of carbon per hour, or its equiv- 
alent of hydrogen. 

Mr. C. F. Coathupe, in the Reports of the British Association, 
1839, arrives at precisely the same results. ^ 



Andral and Gavarret on Carbonic Acid. 

Result of 75 experiments on 36 males and 26 females. 
The following table shows the amount of carbon burnt by males 
of the following ages. 



Age in yean. 




Carbon expelled hourly. 
Troy grains. 


8, 


• 


77 


15, . 


• 


. 133 


16, 


• 


166 


18 to 20, 


• 


175 


20 to 30, . 


• 


188 


30 to 40, 


• 


188 


40 to 60, . 


• 


157 


60 to 80, 


• 


141 


102, 


• 


91 
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No. v. — p. 37. 

WeigJUs of Watery Vapor in one cubic Foot of Air ^ at Dea-foiids 

from 0° to 100° Fahrenheit. 




1 
2 
3 

4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



1 

o 



0.186 
0.810 
0836 
0.864 
0893 
0.925 
0.957 
0.992 
1.028 
1.065 
1.103 
1.143 
1.184 
1.226 
1.270 
1.315 
1361 
1.409 
1.459 
1.510 
1.563 
1.618 
1.674 
1.733 
1.793 
1855 




26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



a 



c 
o 



1.915 
1.986 
2.054 
2.125 

2.197 
2.273 
2.350 
2.430 
2.513 
2.598 
2.686 
2.776 
2.870 
2966 
3.066 
3.168 
3.274 
3.382 
3.495 
3 610 
3.729 
3.851 
3.979 
4.109 
4.244 



•j 


« 


i-S 


.S . 


P a 


• ti 


Degi 
ahre 


1^ 


ft* 


o 


51 


4.382 


52 


4.524 


53 


4.671 


54 


4.822 


55 


4.978 


56 


5.138 


57 


5.303 


58 


5.473 


59 


5.648 


60 


5.828 


61 


6.013 


62 


6.204 


63 


6.400 


64 


6.602 


65 


6.810 


66 


7.024 


67 


7.243 


68 


7.469 


69 


7.702 


70 


7.941 


71 


8.186 


72 


8.439 


73 


8.699 


74 


8966 


75 


9.241 



11 
II 



76 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



■ 
e 

O 



9523 
9813 
10.111 
10417 
10.732 
11.055 
11.388 
11.729 
12.079 
12.439 
12 808 
13.185 
13.577 
13.977 
14.387 
14809 
15.241 
15.684 
16140 
16.607 
17.086 
17.577 
18.081 
18.598 
19.129 



NO.TL— p.41. 
Daiian's TmUe of the Fane of Vepar.fram 3S° to 80». 



ntoPB. 


PoiC0 of vspor 
in hkclM of; 




FOIO0 of ▼aim- 
ill mdiea of 


t ftxot iif TaBor 
lempe- ^ inctai of 




wtKcurj. 




lueiuuj. 




flHCX^^SK7 • 


320 


0.9000 1 


! 490 


0.3483 


650 


0.6146 


33 


0.2066 


; 50 


0.3600 


66 


0.6355 


34 


0.2134 ! 51 


0.3735 


67 


0.6571 


35 


0.2204 


52 


' 0.3875 


, 68 


0.6794 


36 


0.2277 


53 


0.4020 


i ^^ 


0.7025 


37 


0.2352 


54 


0.4171 


70 


0.7260 


38 


0.2429 


55 


0.4327 


i 71 


0.7507 


39 


0.2509 


56 


0.4489 


! 72 


0.7762 


40 


0.2600 


57 


0.4657 


: 73 


0.8026 


41 


0.2686 


58 


0.4832 


74 


0.8299 


43 


0.277^ 


59 


0.5012 


75 


0.8581 


43 


0.2866 


60 


0.5200 


76 


0.8873 


44 


0.2961 


61 


0.5377 


: 77 


0.9175 


45 


0.3059 


62 


0.5560 


; 78 


0.9487 


46 


0.3160 


63 


0.5749 


79 


0.9809 


47 


0.3264 


64 


0.5944 


! 80 


1.0120 


48 


0.3372 






1 





No. vn.— p. 45. 

To determine the dew-point, take two thermometers, the scales 
of which agree, coTer the bulb of one with thin muslin, and wet 
it with water ; swing both thermometers in the air, that they may 
be exposed under similar circumstances, and note the height of 
the mercurial column in each, af\er it has become stationary. 
Ascertain the difference between the heights of the two columns. 
In the following table, find a number at the top corresponding to 
the difference of heights, and in the lejft hand column the degree 
answering to the temperature indicated by the dry bulb thermom- 
eter ; the figure at the intersection of the two lines is the dew- 
point. 

Suppose, for instance, the dry-bulb indicated 70^, and the wet 
bulb ei'' ; 70 — -61 = 9, which is found at the top of the table ; 
in the column beneath, and against 70^, is 55^, the dew-point 



O t ti rfa ti cni tmlkeWHmd Dry Bidi TTtermomeUr. 



SSt 15 16 17 le 19 20 21 82 33 24 




. _ 38.6 60.7 I6£ t6JI aJB U^ __._ 

•n UJI»J]IUHA*B.0B99 3ii^3S.l 

H BJirjACJiftrMUVIMlSO.? 

~' IM UX) AS W.6 36a SS.a S1.T ZB.1 



1S.G W.B 3S3 33.: 
48J M.fi W.e 34.B "■ 



38.7 36.8133.6 30.3 B&3 
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,1-1*1' a*^ e I=|-SJ=I i ,4* J ill 



' ^''%^*. "^-"i^ 



APPENDIX. 387 



No. IX. — p. 70. 

ComposUion of Tallow ^ Wax, Oil, and Carburetted Hydrogen, 

Carbon. Hydrogen. Oxygen. 

Tallow, . . 79.09 11.16 9.75 

Wax, . . 81.75 13.67 4.55 

Whale Oil, . . 68.87 15.03 16.10 

Caibartttted Hydrogen, 75 25 

To estimate the quantity of carbon in a given quantity of oil, 
we first get the weight in grains of a cabic inch of the combusti- 
ble, which, for whale-oil, estimating its specific gravity at .923, 
will be 227 grains ; one fluid dram is 0.226 of a cubic inch ; 
hence a fluid dram weighs 227 x 0.226 = 51.3 grains, of which 
68.8 per cent., or 35 grains, is carbon. Carbonic acid b com- 
posed of 6 parts of carbon for every 22 of acid ; 35 -r 6 x 22 s 
137 grains of carbonic acid ; 100 cubic inches of carbonic acid 
weigh 47.262 grains ; 127 grains equal 254 cubic inches. 

A cubic foot of carburetted hydrogen weighs 294 grains, of 
which three quarters, or 220.5 grains, are carbon, and one quarter, 
or 73.5 grains, are hydrogen. From these data the quantity of 
oaibonio acid is readDy obtained, as in the preceding case. 



Tmlm mmd Cmi 9f 

U. Pidtti Tmbk ftdmad tm Ettgfak 



ivci{^jn* 



NatanrtriiglK. 



Mecbatiieftl LwDp, . \ - T 
FIftt-wick Mecbaoieal Lsunpy 
H«mitpherieal Dome Lamp, . 
Sioambra Lamp, 

with a lateral fiNHi- 



«« 



«« 



n 



n 



\ 



tarn or raae, 
with a foantaia abore, 
Oiravd'a Hydroatatie Lamp, . 
Tbilorier's or Parker's Lamp, 
Two-wicked Hand Lamp, i inch tube, 
Argand LampjJ inch wick, . 



s 



9 



100.00W61.0 

31.00 413.0 
85.00 08O.O 



41.00 979.0 



90 

03 

107.1 



00 666. 



60538. 



.0 

.0 

661791.0 

103.6 

513.0 



Si 



[I 



14: 

Ml 

14' 
14' 

f4 

14 
14 
14 

11; 



1.4 
0.4 
0.84 
1.4 

0.57 

1.41 
1.19 
1.68 
0.22 
1.1 



No. XL — p. 70. 
Dr. Vtfi't Table of Relative Consumption and Valui of Candies. 



No. in K Pound. 

To Mould. 
10 Dipped, 

8 Mould, 

6 •* 

4 «* 
I Argand Oil, 



Duration of 

a Candle. 

h. m. 


Weight 

in 
Grains 


Consumption 

per hour in 

Grains. 


Propor- 
tion of 
Light. 


Economy 
of Light. 


Candles 

equal one 

Argand. 


5 9 


iiS2 


132 


13.35 


68.0 


5.70 


4 36 


673 


150 


13.00 


65.5 


5.35 


31 


850 


132 


10.50 


59.5 


6.60 


7 Si 


1160 


163 


14.66 


66.0 


5.00 


9 36 


1707 


186 


30.35 


80.0 


3.50 






512 


69.40 


100.0 





AsrmmaL 



889 



No. Xm. — p. 197. 
Expenments an the Cooling Iffed of Windows. 

These experiments were made in a wooden house, double plas- 
tered, with a space between the two plasterings ; walls inches 
thick. Heat introdooed from a hoi-air famace, heated air being 
shot off when the room was heated to a proper temperatare. 
Thermometer four feet from the floor. When windows were 
dosed, two Sicknesses of blankets were &stened closely to the 
window-frame internally. 

Three windows, equal to 33.91 square feet ; walls, 531 square 
feet ; enhie ooateots of room, 1930 feet, being 9 feet high, 10.5 
feet long, 13 feet wide. 

The room was kept as nearly as possible under the same cir- 



Extemal Internal 
ThttrmoB. TlMrmoou 



Bfarch 19, 1843. 96 

85 



o 

74 

04 



Time. 

9 
10 15 



n 



weather calm, win- 
dows nncoTered. 









74 




99 

18 


74 
59 


11 4M windows covered 
9 5^ with blankets. 




144 


March 90. 


95 

24i 


74 
04 


8 85 Windows uncover- 

9 94( ed. 




70 




94 
99 


74* 
01 


10 17 i Windows covered 
l9 99 ^ with blankets. 




195 


March 91. 


94 
19 


74 
04 


8 51 5 Calm, windows cov- 
10 19^ ered. 




88 




17 

10 


74 
04 


11 90 (Windows nncover- 
19 10^ ered, calm. 



50 



33* 
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The experiments were also made in other rooms, and with 
wooden shutters internally. 
The results are as follows : — 

1st, room cooled IQP in 74'=: i^ in 7.4', windows open. 

" " 16" in 144' « 1° in 9.6', windows closed. 

dd,room cooled 10® in 76' «= 1® in 7.6', windows open. 

" " 13° in isy^s 1° in 9.6', windows closed. 

3d, room cooled 10® in 88' =» 1® in 8.8', windows closed. 

10° in 50' «= 1° in 5.0', windows open. 



(( (C 



Experiment with wooden shutters : — 

Room cooled 10® in 93' = 1® in 9.3', shutters closed. 
" " 10® in 58'= 1® in 5.8', shutters open. 

From the above, the effect of glass is very evident, and also the 
advantage of curtains and shutters. We shall not attempt to form 
any general rule, since it could be applied correctly only under 
circumstances which differed very little from the above. 

The preparation for covering white cotton for interior windows 
is composed of 4 oz. of pulverized dry white cheese, 2 oz. of 
white slack lime, and 4 oz. of boiled linseed oil. These three in- 
gredients having been mixed with each other, 4 oz. of the white of 
eggs, and as much of the yolk, are added, and the mixture then 
made liquid by heating. The. oil combines easily with the other 
ingredients, and the varnish remains pliable and quite transparent. 
It is applied with a brush. 
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No. XIV.— p. 146. 
Draught of Chimneys. 

Let H be the height of the chimney ; A, the difference of the 
heights of columns of equal weights ; g^ the intensity of gravity, 
or 33.3 ; V the velocity of the escaping current. We have by 
the laws of dynamics (see Cambridge Mechanics, page 172), 



V ==^gA= 8.024 yA; 

or the velocity equals eight times the square root of the height, 
nearly. 

The height h is determined by the amount of expansion gases 
undergo from increase of temperature. Let t be the temperature 
of the cold air, and t' that of the warm air; then, by the formula 
for the dilatation of gases (p. 379), we have 

A = Hfl(/'— 0; 
and substituting this value for h we have 

V « 8.024 yHa(<' — 0« 

For example,^ the column in the chimney be 30 feet, the ex- 
ternal air be 50^, and that of the warm air be 300^, we shall have 



V — 8.024 V30 X 0.00203 X (300 — 60) «« 31.3 feet. 

This formula is not rigorously exact, for the generating height 
of the velocity is 

But as f, the external temperature, seldom exceeds 70^, l-^-at 
is always less than 1.073, and may, consequently, without sens 
ble error, be taken as unity. 

In the first formula, V <« V2 ^ A, g is taken in feet; conse- 
quently H, also, should be taken in feet ; the velocity Y repre- 
sents the space passed through in one second of time. 



No. XV. — p. ^^^^H 

Formula exprcsting ihe Betitla*ea loMcA diminah the Draugitf^U 
CAinauyt. I^H 



I 



lb the preceding fonnula, we hava lupposed that the wann 
air eipeiiences do diminutioD of its velocity from the lesiat- 
ance oSeted by the walls of the chiiooej or other tube through 
which it puses. Experiments oa the flow of fluids through 
tubes hare shown : — 

I. Hu tlM reaisUiioe is proportitinal to the length of the 
Ube. 

S. That Hie reaiBtaace Lb Lo the inTcne latio ot the diameter 
if the tube. 

3. lliu the i«BistaDC« increases proportionally to the squaifl sf 
the Telodty. 

From theae bets it is obvious that the moTement of the air in 
• ehimne; mtist be much less than the formola given abOTe would 
lead OS to expect. 

In the following formula, an espreseriaa for the resistance is io- 
Uodneed, snppoatng it to be the same for warm aa for cold air. 

Lei P he the pressure upon the air of the chimney eiprcMad 
in feet of waim aii, or the quantity H a (f — f)i p the preasan 
aJso in warm ait which produces the Telocity ; H the height of 
the chimney; D the diameter of the chimney; K the coefficient 
«f resiBtauce ) we shall have, for a chimney completely open at 
the two eiQemities, 

Viitap'^^, this expression becomes 

p T« KHV». „-pa= SjJliL 
^~-a^"=^B~' "^ ^ = ff+a7K"H- 

P^Iet, who gives this formula, has made a series of eiperi- 
meots to determine the value of K by adapting pottery chimneys, 
aheet-iron chimneys, and cast-iron chimneys, of different lengths 
and diameters, but all circular, to the same fire-place, so arrang- 
ing the fire that the grata should offer as little resistance as possi- 
fcle Is the pasaage of the air. The result of these oxperimeDla 



gave for K the following' values : foi the pollery chimney, 0.0137 ; 



0.0026. The ci 
13 coaled wilh aoot; heiic« 
)a will probably be Ihal for 
it. The pottery and sheet- 
and did not become covered 



for the sheet-iTon, 0.003 ; for the cast-ii 

chimney had been long used, and wa: 

the coefficient obtained far the caM-iro 

any other aubsiance covered v 

iioa chimneys had never been 

with IsmpblDck duiinir the experiment. The fuel used was 

chftTCOal, burning without smoke. The tempenluie of Ihe chim- 

aejB waE taken at the two exireniities, by thermometers with their 

bulbs in the axis of the chimney. 

The resistance is pioportionai to the perimeter of the seotion 
of a prismatic lube, and in the inverse ratio of ibe surface ; but aa 
the relation of the peiimeler to the surface is the same for the 
circle and the circumscribed square, the formula will answer also 
for square chimneys, of which ihe side of the square is equal to 
Ihe diameter of the circle. The greater the difierence between 
the aides of a parallelogram, the greater the resistance. 

Influence of the Length and CiirvalTire of Ti^a, It was found, 
by placing apon the furnace just iDeniioned tubes of different 
curvatures, thai the observed velocities did not differ greatly from 
those obtuned by calculation from the following equation : — 



V9 = 



l) + ; 



giTL' 



sed by warm air, 

we designate by 

. we shall have. 

It of the density of 



io which P is equal to H a f, as in the preceding equation, and L 
lapresents the length of the tube. From this we should infer 
that changes of direction made no appreciable i 
If a circuit be composed of a length, L, trav 
and another circuit, L', traversed by cold air, an 
) the detiaity of cold air relatively to warm a: 
aince the coefficient of resistance is in depend en 

The eiperimentB of D'Aubuiason on the flow of cold air, under 
eonatant pressure through lubes, lead to the conclusion, that, when 
a chimney is contracted at the top, the velocity of the air in the 
contracted portion is increased, and that it continuea to increase 
wiUi the diminution of the aperture, until it is equal to ihat 
«Ueb would have taken place bad the air expeiienced no j^^ 
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aa4«ii 


79 7Bf 


77^ 


75J^ 


&n 


flUrlOl 


7tirt77 5 


Tbl 


74 7 


BI7 


t«H7 1 


77 '^ b4 


7)0 


730 


MI7 


79 4781 


b 75J 


73 


725 


79 


78 377 U 


75674 2 


72B 


714 


7B& 


77 37b 


74 6732 


tT 


703 


776 


7()17 n 


T\ 7 1 


70 7 


&i 


G6 


70 


^ 


7d6 


74 




74 6 


-J 




736 


■72 
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If, 88 before, we eappose S very great compared with f , we 
nay neglect 9^ K H « ^, and the expression becomes 

This expression represents the maximum of the ratio ^. Bat 

to obtain it, it is not necessary to make S very large compared 
with s ; for when we increase the ratio of the sections S to 5, that 
of the velocities v to v* increases at first rapidly, and ajfterwards 
very slowly, a direct result of the last expression. For example, 
suppose a brick chimney 10 yards high, and suppose <f= 0.20, 
the maximum of the ratio of v to t/ given by the last formula is 
3.53 ; and by giving successively the values 2, 3, 4, 5, to the 

ratio — we have for -,- , 3.07, 3.42, 3.52, 3.53. Hence, giving 

to the chimney two or three times the area of the orifice, we ob- 
tain very nearly the maximum of effect. This is an Important 
practical rule. See page 148. 

If the air supplying the fire is cold, and traverses a canal of the 
same diameter as the chimney, before entering the fire-place ; by 
designating the length of the circuit by L, and neglecting the in- 
fluence of variations of velocity resulting from variations of tem- 
perature, we shall have 

If we suppose the diameter of the whole canal such that the 
velocity of the air is insensible, the superior orifice remaining 
constant, we shall find for the ratio of v to t/ of the velocity in the 
eeoond case to the velocity in the first 

Velocity of Warm Air in a Chimney contracted at the Base, — 
The results of many experiments made on the influence of con- 
tractions and enlargements in chimneys lead to the following con- 
doeions. 

1. In a canal traversed by air, the loss of moving height (or 
head, as it is termed, when applied to water) caused by a con- 
traction is much less than the height which corresponds to the 
difierence of velocities in the contraction and beyond it. 



9M AmumjL 

S. Tbe true Iom is ft little gieftter tlua the diftsBMi of 
heights comspooding to the Teloettiee multiplied hy tho nlioif 
the sarfttee of the orifice to the eurftce of the cftnal beyond the 
contraction. 

S. A sadden enlargement in a canal, at least to a certaia eitent 
aod within certaia limits, has little influence. 

The foUowiog equations have been constructed to express the 
?elocity of escape at the summit of a chimney. The velodties 
deduced from the first equation will be smaller than the true te- 
locities, and those deduced from the second will be somewhat 
larger; the latter are nearer the trath than the former. The 
same notation is preserved as in the preceding equations. 
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When S is much larger than s, we may neglect in the denomir 
nator of the first equation the terms which contain f ; and it 
willbeeome 

«_2£Pj». 

and the velocity in the orifice will be 

On the supposition upon which this equation is constructed, if 
we increase the diameter of a chimney of which the inferior 
opening remains constant, the velocity in this inferior opening will 
increase until it reaches that which is due to the height of the 
column of warm air. We gain, then, by increasing the diameter, 
that portion of the moving height which corresponds to the re- 
sistances in the chimney. This is effected practically by making 
the diameter of the chimney three or four times that of the infe- 
rior opening ; for the resistances being proportional to the square 
of the velocities, they diminish very rapidly as the diameter in- 
creases. 

From the second equation, which is much nearer the truth than 
the first, the velocities in the opening go on increasing indefinitely 
in proportion as the diameter of the chimney increases, and this 
velocity may even become greater than that due to the height of 
tbe column of warm ait. TVv\« la verified by experiment. The 



Tslooitj ID one iastancedae to the height was 10,73 ; the velocity 
observed U the superior part wna .81, when the surface of ths 
diaphragin was equal to .0006 ; now, as the section of the chim- 
ney was .0314, the Telocity in the opening was ' T-Jm = 42.39, 
3 velocity nearly four limes greater than that due to the height. 

The increase of velocity in the inferior opening would be still 
greater, if the eection of the chimney increased gradually from 
the edges of the opening until it attained the full size of the flue; 
for, under such circumstances, there is no loss of moving power 
ID coosequence of change of velocity ; the only loss is that due 
to rGBistance. 

This influence of the enlargeroent of the chimney on the 
draught has a very important bearing on ventikling-flues, for it 
enables us, with the same amount of heat, to overcome very con- 
siderable resistances, or, what is the sanie thing, produce (he 
same effect with a less quantity of fuel. 

If the lower opening of the chimney communicates with an air- 
truok, as it must do in ventilating arrangements, the velocity of 
Mcape, supposing the air experiences no other resistances than 
those we have now considered, may be calculated by the formula 

^-£-•"(1 + 8 + 0); 
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in which A represents the resislance in the air-channel, B the 
loss of height due lo change of section in the channel, and C the 
resiBtance in the chimney. Supposing the air-channel and the 
chinney square or circular, the quantities A and C would take 
the farm 

E beiog the coefficient of resistance, L the length of the air- 
channel, D its diameter or side, and v' the velocity of the air. 
From these the velocities are easily calculated. 

Of the Form of a Chimney. — When air moves through a pris- 
matic canal, of any form whatever, the particles nest the circum- 
ference of the canal experience a certain resistance, which is 
transmitled to the other neighbouring particles; hence arises a 

Kt retarding force, proportional lo the sorfiiee of the chan- 
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Ml, ibe winare of the Teloeitj, uid ia the inierae i 
Mction. TlUB force will be lepresented by 



ia wbiofa K' reprcBeats a caoBtant number, C tbe circumfereace 
of ■ sectioD of the prism, S its surface, H the length, and R the 
Telodty of the escaping air. 

From this it is obvious that tbe circle is the best fbrro for a 
chinuiey, since it has the grealest area with the least circnrnfer- 
ence ; and next to this, of foar-^ded tigares, the square. Tii 
taore ve depait from these forms, the greater Ibe resiataace. 

The preceding formula are those given bj P^clet, in his trei- 
dse on the application of heal, to which the reader is refened for 
a more full examination of this subject. 

It must be observed, however, that this subject is eslremelf 
iUfficult, and that tbe results of these equations must be taken w 
approximations merely. 

Several malhemaitcians have considered ibe quesiion of chitaoej 
draughts, but the conclusions lo nbich they have come exhitnl 
very great discrepancies. The cases to which these fbrmulc 
were applied were the following. 

A room is to be ventilated by an opening ia ils ceiling ; it ii t 
double cube of 27 feet, with doors 7 feel high, from which, taking 
the half-he[gh[ of the door as the average entry of Ihe air, tha 
height of the column of air will be 27 — 3.5 = 23.5 feel. Tem- 
perature of the room, 60° ; temperature of the external air, 40°. 
The velocity of the air in the opening in the celling is required. 

A furnace with a chimney, the top of which is 40 feet above 
the average height of the opening to admit the air. Temperatars 
of smoke issuing from the flue of the chimney, 130°. Exlemal 
temperature, 40°. 

The following table gives the velocity of the ascending cur^ 
I tenia, as calculated by the different formula. • 



■ Tbe Theory and Practice of Warming idcI Venlilatiug, by an 
I Engineer, p. 172. 
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VenltWion of Tlraught of 
chamber par fumac« nr 

Uontgolfier 8.32 13.91 

Sylvester, in Rees's Cycloptedia, . . 0.78 1.94 

Mr. Gilbert, Quarterly Journ. of Science, 1B23, 7.88 225.67 

Sykestei, in Annals of FhUosophj, . 1.61 7.73 

TredgoH, 4.B 9.5 

The following table exhibits the comparaliTe resnits of expeii- 
meDt and calculation. The stove upon which the experiments 
wera made waa of the ordinary kind, with a wrought-iron pipe, 
ibur or file inches in diameter, and foi'ty-ETe feel high ; fnel, good 
charcoal. The Telocity was observed by noting with a stop- 
natch the ascent of a pnfT of smoke from a little low dipped in 
oil of turpentine and thritsl quickly into the (ire. External tem- 
perature, 68°. 
Triale. By theory. Bj mpailnient. fomSt " poraiure of 

1 96.4 feet, 5.00 feet, 5.90 190 

3 SB.4 •' 5.78 " 6.15 314 

3 34.5 " 6,30 " 7.61 370 

The first theoretical velocity is given by Dr. Ure, with the 
experiments ; the second 1 have calculated hj the following 
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No. XVI.— p. U9. 
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^^m DiUe of Draught of CAimneyi al differ 
^^H ternal Air, 32°. 
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Dnughu 
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Dmughl. 
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Dnuieki. 




S6 


4.g3 


338 


8.09 


608 


8.27 




104 


5.61 


374 


B.t4 


662 


8.31 




122 


6.Q9 


392 


8.17 


753 


8.13 




no 


6.35 


410 


8.31 


842 


8.03 




158 


6.66 


428 


8.23 


933 


7.92 




176 


6.92 


446 


S.23 


1022 


7.80 




104 


7.13 


4G4 


8.26 


1113 


7.63 




312 


7.33 


483 


8.27 


1902 


7.66 




830 


7.4S 


500 


8.B73 


1293 


7.44 




249 


7.62 


518 


8.278 


1382 


7.33 




366 


7.73 


597 


8.270 


1473 


7.22 




284 
302 


7.83 
7.93 


536 
554 


8.276 
8.375 


1563 

1633 






7.00 




3S0 


7.98 


573 


8.27 


1742 


6.90 




338 


8.05 


590 


8.26 


1832 


6.80 





No. XVII. — p. 162. 
AyphMtion of the TTieory of Ike Centrifugal Pump to the Fan. 
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_ Let UB suppose that Ihe tube A B tepre- 

K B senls the apace between any two contigu- 

ous vanes of the fan, aod that it revolvea about the point aa a 
centre. Let a = the lenglli of the lube A B in feel, ( = the 
time of a revolution in eeconds, ^ = 33.3 feel, the meaaureof the 
force of gravily, and «■ = 3.141593, the circumference of a c 



Then 



e the CI 



trifugsl force is 
ihall have the 
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cle whose diameter 

the velocity it generates 
centrifugal force of a particle d->p of the fluid, at the distance V 
from 0, equal io d-^/i (-7-^) -t-V"= — ,f — ^1 'he integrat of 
wbieh is *'^adt = - '' " =" ^^ cenlrifngsl 
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tte column ,j, ; which, when ^ ^ a, becomes '^ ° for the 
"Whole centrifugal molive foice^of iho ait in the tube A B. The 
ptessure of a column, whoae length is a, will viuy as ^ a ; hence 
itwillbe^a: a t: - ' , - ■ • I|j- ; which equals thelenglh of a 
column of air whose pressure ia equivalent to the centrifugal force, 
and which would expel the Mr from the esttemity B with a force 
eqnal to that produced by the whirling motion. According to the 
laws of spouting fluids, air, under a constant head - 'f , would 
iasae from the exlremit]i B, with a velocity equal to that ao- 
quiied by a heavy body falling through a space ei;|ual to this head, 
ti •= /s/2 g k, pnlting for h its value ^.^ , we have 



e = V3£- \~^^) = B.OaS Vli^i^, in which the velo- 
city of the flow varies, as the circumference, divided by the time 
of revolution in seconds, or as the velocity of the lips of the 



No. XVm. — p. 320. 

InvestigalioTi of Ike Limit of Vitiation of the Air in Rooms yar- 
tialli/ ventilated. 

Mr. Tredgold has given the following investigation of the limit 
of deterioration of the atmosphere in an occupied apartment, with 
a certain amount of ventilation. 

" Let ua suppose a room to contain such a number of peraona 
as will generate b cubic feet of impure air, and that the ventila- 
tion is V cubic feet uf air in the same time ; and, under such cii- 
camstances, that a uniform mixture of the pure and impure aii 
must take place ; also let the cubic contents of the room be B 
feet. 

" The impure air will become diSused through the space B, so 
as to be expanded into — ^ times the space it occupied when 
first generated ; consequently, if a quantity of air ^ £ were re- 
moved, it would take away only ^ , of impure air; and ae on- 
ly p is to be removed by ventilation, we have 




I MB AITBNDIX. 

wkkti eqaals ibe qukntit; of impDV <^ Temoved in ■ unilDfitBie 
kj TeoiiliUOB. Aftet Ihe room has been occupied bj die penoa 
fee > tiroe (, the qaaotitf of impure aii removed will be u iba 
piaatitj geaerated in the same time, as 
: 



'.»'+^('=^)'+ (^)-:-^ 

" "He Bnm of progTeseion ia 
ud subsiituUDj for m its proper value, tbe ratio is 

Now, whalerer value wo ^ve to d, it is obvious, thai, io the 
of complete diSiision, tbe wbole of tbe impure air which en- 
ters csnnot be removed, if e be lesEtban B ; for in all cases where v 
is less than B, the time I must be iofinilel; great. Hence, we shall 
show, that, when there is a certain degree of ventilation going on, 
tite accumulalioQ of irrespirable gas approaches constantly to a 
limit which it never exceeds ; for let n represent the quaatil; of 
irrespinblc gas in almospberic air ; and let 7 n be the qaantitj to 
which it approaches, but ia not to exceed. If it did arrive at the 
proportion x n, then the eonsLmption of oxygen would be exactly 
eqnal to the supply, and consequently no further change could 
ttle pi&ce. For I — no would be the quantity of oxygen en- 
ieting by ventilation, and 1 — mo the quantity let out ; there- 
fore the di&rence is tbe supply, which ts equal 
But the consumption in the same lime is 1 — ni, and the con- 
sumption will be equal 10 the supply wheo 1 — ii6="nu(x — 1), 
or when i = i ^ ~S^- I" atmospheric air n = { nearly, 
ttMseqnently x ■= 1 -J- ^. and n greater proportion of irrespii- 
One man geiiei«l«* 160 cubk 
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" The space allotted lo one oian in a hospital or in b prison is 
about 600 cubic feet, uii Buppoas the Tentilation to be one oubte 
Aot per minute, then v ^ 1 and x = 1.023, or the qnantit; of 
iirespirable air will increase «] part, but never exceed that pro- 
poniou. But with the ventilation of i cubic feet of aii foe each 
individual, the increase cannot exceed the tyj pan, even when tbo 
Tentilation is condncted on the most defective principles ; and it 
certainly ought to be a nice experiment to jadge of the increase of 
i^ part, considering the nalnre of the operation ; and we have 
shown that it would require an unlimited time to arrive at that 

" The accumulation of carbonic acid may also be considered in 
the same manner ; its proportion in aimoEpheric ate is stated to be 
ijsg part; and 

Conaeqoently, with a ventilation of one cubic foot per mioale, 
the proportion of carbonic acid will increase to about i^ part 
of the ail of the room, but will not exceed that proportion. If 
the ventilation be 4 fonr cubic feet per minute, the proportion can- 
not exceed kg P^t of the air, even in the most unfavorable cit- 



No, xrx. 

Velocity of Air in Air-tubes, House of RepreseTiiaiiees, Boston. 

Two iron lobes, 14 inches in diameter, have been placed in the 
dome of the State House, connected with the ceiling of the 
House, and lerminaring with a torn-cap at a level with the top of 
the lantern.* Whole length of the pipe tiO feet, 20 feet oT 
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wbich are externa) to the dome. Height of the ceiling of the 
Represenlatire's Chamber, 46 feet. The chamber is heated by 
hol-air funiacea in the cellar, 34 feet below the level of the floor 
of the chamber. A series of observations was made in the month 
of Haich, 1S43, to determine the velocity of the current, and also 
U t«« the accuracy of the water-oil birometer used by Dr. TJre 
ia bis comparison of the revolving fan and Ihe draught of chimneys. 
In our bauds, we were satisfied that the indications of the barom- 
eter were not to be depended upon. The viscosily of the oil va- 
ried much with different temperaiares, and the water was very 
liable to escape into the cisterns, from which it could not readily 
be removed. To ascertain the velocity, holes were bored in the 
tube, one near Ibe floor of the dome, and another exactly 40 feet 
above. Small portions of down were detached at the lower open- 
iog, and their transit noted at the upper. By this means, half 
aecoods were resdUy observed. The thenoometei, placed in the 
tube, was between 69° and 'i°, according to the number in the 
chamber. 

March 3. Number of persona from 550 to GOO ; alroag wind ; 
Ihennometer 74'^ ; velocity of down, 40 feet in 3"= 13.3 feet. 

Fdi. S8. No wind; iheimometer, 690; velocity, 40 feet in 
4' = 10feet. Sirongwindj ihetmomeier, 63^^ ; velocity, 40 feel 
in 3" = 13. 3. 

Area of lubes, 154 equara inches ; hence 1 foot in length con- 
tained 1.07 cubic feet. Velocity of 13 feet per second delivers 
13.91 cubic feet, 13.91 X 3 = 27.82 cubic feet for both tubee ; 
1663 cubic feet per minute. This is equal to about 3| cubic feel 
for each person per minule. The odor of the chamber, especially 
in the galleries, invariably unpleasant. Two and a half seconds 
was the shortest, and four seconds the longest, time observed; but 
it was found thai the wind produced a decided effect, when blow- 
ing strongly. And ibis we attribute to the fact, that the opening 
connected with the furnace, through which all the ^r passed, was 
on th^ >■' .iiwest (the windward) side of the Stale House ; con- 
sequently, the air was thrown into the furnace with considerable 
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air, bmIjbU of, 2. 

And vapor, miilura of, 42. 

Cold, influence of diau^ht of, on 
the >nimid syslem, 1U9. 

CunenU of, ia roainit and lubea, 
113. 

Dr, Franklin's mode of study- 
ing minempnls of, in rooms, 

Dry and cold, their efiecls, 1S)G. 
Eipansion of, in chimney, 146. 
Humid, cooling effects of, 1^5. 
Impure, from pririea, 3G9. 
in a room, temperature of, at 
•leighta, 1S9. 
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'a of, 6 



Motion of, 

rale of evaporation, 199. 
, influence on the deaira- 

bJe temperature, liW. 
Origin of. nr^nized bodira, 1. 
Proper temperature of, ftom hot- 
air furnace, 18^. 
Quantity of, required to con- 

■ome a Ion of coal, 94. 
Telocity of, in a ventilating 

chimney, lOU. 
with which it enters a 

vacuam, 15. 
JliT-aiils, what, 49. 
jUr^thanneU in ships, hon eun- 

Btructed, 339. 
JUr-Jltici, area of, in divelline- 

housea, 317. 
Freah opening for, in asylums, 

3U7. 
Space tor, bow oblaioed, 214. 



^ir-fumace, temperature of, at 

Air-plate, its influence on oombus- 
tion of smoke, 108. 

Air-apncc beneath floor, how con- 
structed, 2li. 

houses, 126. 

Jth-siTcak, what, 338. 

JiiT-l^Kl slanr.a, bad effects of, on 
health, 182. 
Injurious effecta of, on chim- 
neys, 93. 

Air-luba uf lungs, description of, 

carbonic acid 

Analomieal rui/ms, ventjlation of, 
342. 

VVindov 

Aadral,oo carbonic acid, i 

Animal ami vegetable life, : 

al influence of, 6. 
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AmoU. Dr. Neill, bis mode of 

ventilation, 3S7. 
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Jlrytum, McLean, >1 Somerrilte, 
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Height of, 30. 
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IM preaiure on our bodies, '. 
lU preaiure on varjoua exU 

I La phjaiDsl properiiea, 97. 

lU weigUl, 27. 

Relslioii of ila beat to ita 

tance from the earth, 31. 
Table of i\a dennity at dilterent 

heights, 30. 
Jkium priaoH, plsn of, 3C4. 



Candles, Dr. Ure on, 388. 
Ust of articles for coloring, 86. 

(Inanlitv of, consumed per boar, 
64. 
Cap filed for air-trunk, 351. 
Carbon of trepa, whence derived, 4. 
Unburnt, in smoke, injurious 
eSeclB of, 90. 
CaTbonic acid, absorbed by tbe 
langa, 60. 
A ID ouat of, expired, 53. 
Canaeof dealhb;,72. 
Decomposed b; sunlight, 5. 

How reduced to a solid state, 9. 
Id atmoapheric air, mode of 
meaauring, 73. 



Barylfs, teat for carbonic acid, 7f). 
Bedroimi, imporlance of venti- 
lating, 33:i. 
In lajJuniB fot the insane, how 

ventilated, 308. 
In dwelling-houaei), ventilation 

of. 3ar., 

BUI, Dr., on ventilation b; flues 

without moving power, ii69. 
Bdlotei UBcd for ship ventilation, 






Blacks, from coal, 90. 
Quantity of, in Londa 
pheie, W. 
Stood, changeaitandetgoeB in the 

lungB, 48.56. 
Bloaine vihtet. Dr. Deaaeuliers's, 

all. 

Boards deflecting around cap over 
air.lrunk, ^3. 




Quantity of, greater in cities 

than in the country, 7. 
Syuiploina of poiaonuiB by, 73. 
Teijla for, 79. 

What quantity of, in atmospher- 
ic air, iniomna, 7tj. 
Carboaic azidt, 80, 

Abaorbed by water, 81. 
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BO. 
Catbonmaeter, 79. 
CiTbitretttd hydrogen, produo a 

the combuBlioQ of, 63. 
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Centre-piecea perforated for venti- 
lation, 251. 
Chi^nBrs, Marquia of, hia plin 
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CommonB, 21G. 
On ventilation of Caveat Oar- 
den Theatre, 243. 
CbanddiST, ventilation by, 135. 
bla BDioke-liurner, 



poiBOnouB gtises, 74. 
SjmptoniB of poisoning bj iU 

Table of ita absorption of gaeee, 
20. 
Charenlon, Royal Lunatic Hoepi- 
* talat, :iIO, etieq. 

, amount of venlilalion 

in, 312, 

, openings of air-flueB at, 

311. 

.Tenlilalion-pippB of,3l I . 

Charlatowtt, Priaon at, defective 
venUlation of, 3G7. 

, deBoriptlon of, i!65. 

CAiUren, influence ofdraughtB of 
-' ' -loolroom, 255, 
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« ofamoking;, 117. 
CoDneciingflu^B nith, lls. 
Draught oF, 391. 

, formula for, 147. 

, theory of, 144. 

FormulK for reaialancea In, SflS, 
For ventilating sewera, 99, 104. 
Form of, 337. 
Imporlance of, in alt rooma in 

dwelling-bouBeB, 334. 
InSnEDce of curvature and 

length of tubes in, 3n3, 
Inflaence of lemperalura 

draught of, 149. 
Injurioua i^^cla of ali-tigbt 



amoke in, 147. 
Smoking, how cured, 113. 
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VariaUona of diameter in, 148. 
Velocity of nir at lop of, how in- 

ereased, 119. 
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, dimensions of, 150. 
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Conical, Iheir effect, 349. 

Contraction of, 349. 

BeclioDa of, 352. 
Chlorine Gas, 84. 

Ita effects on animal life, 84. 

How to be naed, H5. 

v, condition of the almoa 
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ChuTckns, double nindowB for, 
'J45. 
Influence of windows on Com- 
fort of, 945. 
Mode of lighting, 345, 
Mode of ventilating pulpit of, 

247. 
Simple mode of ventilating, 247. 
Ventilation of, 344. 
'iuTeA-SMepJe, valuable means of 
ventilation, S45. 
Clouds, cauae of, .18. 

ides, 40. 
Coal-duaC, ilB influence on the 
lungB, 87, 
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ventilation on. 160. 
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, Harvard, vontilation of 
chapel of, 248. 
Coloring Mailers, lial of those not 

injurious by combustion, 86. 
Comfe, seclion of hia fan, 159. 
ComiuilioD, aa a means of deitroj- 
ing impurities, 9T. 
Products of, C3. 
Commillee Rooms, how ventilated, 

209. 
Commons, Home of, air-cooling 
apparatuB for, 533. 
Air-waahing apparatus in, iS3. 
Areaof eiit flue, 220. 
Diffuaionof airin,a3l. 
Description of ventilating ar- 

mngements of, 227, ei seq. 
Eqnalizing chambers for, SSI. 
How ventilated, 214. 



I 



for, aai. 



Ventilating chimney of, ita di- 



I 




pMrt-na«>, air of, 206. 
DispasilioD of air-fliH Tot, S13. 
G*IWii« of, hour rnmulied with 

of,a)5. 
G*td€m Tkftre, tcdUU- 

Miof,at3. 

rin* power tot TenlQitioD 

C3Ml,^aaH»I.36l. 

Foe ■ir-tiDDk, asi. 

Blow-^pe loiai, 356. 
Crwap, Diembriaaiu, cDiative ef- 

on, 191. 
CrvKd, increase of temperature 

in. 135. 
Otmat ti«in >iF-ronw:e, pnipei 

directinn of. SOS. 
CkmnU of air, Uliutntioiu of, 

lU,((Hf. 

iDter&ring in chitnDer, how □!>- 

tilled, 1^. 
Warm, c&tels of, on the tDimal 
■;(lem, 199. 
Ciutom-Houit at Boalan, original 



Da^ftlh houat in Cambridge, 
chaaps in Gieplace of, 315, 



Deaagmliai, Dr., iiia blowing- 
wbeei,215. 
Hii plan for ventilating Hoiue 

of Commons, 214. 
Hit plan for Teotilstin? lUpi, 
334. 
0n(>7i>, on carbonic acid gat, T7. 
Dew, 39. 

Dea-poinl, 39. • 

Hav aacertained, U. 
Proper, for housea. 196. 
Table for ascerlaiaing, 3S4. 
Diffusion of air in Hooae ofCiHi- 
moot, how eO'eeted, 221. 
Of ga«e*. 1 

tUationi 13, 1^. 



spired air, IT. 
DUnlion, as a mean 

im purities from 
Diaptrnng boarda. S 



Druiiu, 362. 



147. 

TabEeof,400. I 

Theory of, 145. ■ 

Drying-Toams, outlet for, 43 
DiukZdet, Parent, gnalamical ta- 
ble of, 343. 
Hi» chtmaey for ventilation of 

■ewers, 99. 
Onsewenof Paris. 97. 
Dumai. amount of air inspired il 
each respiration. 51. 
Efllimale of cariion expired, S3. 



Best mode of wirmtDg and xeo- 

tilaling, 324. 
Mechanical venlilalion of, 336. 
Proper amount of ventilation 

for, 184. 
Register lor admittintr warm air 

for, 333. 
Sammer ventilation of, 336. 
Ventiialing.flne for, 320. 
VentilalioD of, 314. 



iaf,ie(viisitesror.317. 



Eniranca for CDlduir, when 

made, 311. 
Equalizing Chamber, 230. 
Ermipelaa, causes of, 2^5. 



Espy* venliUlof, value of, c 

pired with ■ bood, 3(10. 

Evaporation, n cooling procesB, 

OF water, ils effpcl on llie ^ 

lilating current, I^. 
Rale of, bow eBtimaled, 41 . 



endure cold, Kii. 
Eiosmote and Endosmese, 56. 



CEntrifagal, theory of, 4 
ConHlruclion of, lo7, it iru. 
Dimensions of, I<i5. 

156. 

For ventilating sewers, 100. 
Prnporlionsot^ll>6. 
Velocity of rotation of, 165. 
Ventilating, force reqnired lo 
work it, 100. 

dries' Itil, nnfe. 
With curved vanes, IfiO. 
Fan'Caroed rants, advantage of, 

IGS. 
Faraday, Profeseor, his venlilatioa 

tube for lamps, 67. 
fU, piodaotion of, 377. 



re, open, aa a heating agenl, 

187. 
, in convalescent nards 

of huapllals, 303 
Fire-ptaca, dimenaions of those 

in Hew England, 315. 
Open, qnantily of air usually 

passing through them, 315. 
. 1 their ventilating power, 

315. 
fluM.Jir, where to be placed, 307. 
Construction of, SOT. 
Dimensions of, Sll. 
For warming House of Lords, 

316. 
Foul-air, arrangement of, 30S. 

-, grating for, 377. 

Fresh-air, openings of, in aay- 



370. 



e of, 



Fogs of London, vesicular. 40. 
Fonauta, comparison of, 399, 
Franklin, Dr., on movemenia ol 

ail in houses, 113. 
French Chamber of Deputies, 

amount of ventilation in, 164. 
Chamber of Peers, ventilalioE 

of, 238. 



\ 



-, per m 



J, 240. 



Navy, mode of ventilation pro- 
posed for, 33*. 
Fresh cold-air fiaea, iireatioBB for 



Hot- water, in MassschuaettI 

General Hospital, 303. 
Wind, what, 119. 



I, how supplied with a: 
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Hospital, Masiachti3itt3 Gaieral, 


by ch.rco»l, 20. 


condition of air in, 303. 


hj Lhe lunp. 59. 


New waida of, 304. 


Diffusion of, la. 


Novel poailion of cbiinney in. 




305. 


bUoD. 1^.17. 




Eipansion of, 18. 




1 Eipired, weight of, 379. 


in, 297. 




^H How ioaueDced b, pceuure, 9. 


218. ' 




Convalescent wards in, advan- 


^^V Permeate animal membnueB, 


tages of open Ere in, 302. 


^M 56. 


DiffuBion of air in, 298. 


1 Properti*. of, 0. 


Forinvatidi, 192. 




General, cautei of impore all in. 


th«f volume, 9. 


297. 


SpeciGc envity of, ID. 
Table or the dim»iaD of, 14. 




Their elaaucity, 9. 




Their wlutioD in wiler, 19. 


VenLlaling cbimoey for, wbere 


Oai-tiuiiuifactariin, loioke from, 


to be placed, 300. 


90. 


Venlilauon of, 294. 


Gavarrct, on carbonic acid, 3S1 . 


— — — , importance of an appa- 


GayLuniac, on yenlilalion of 


ratus for each story, 297. 


French Cliamber of Peem, 


-, moving power for, 300. 

Water-closeta m, 289. 


210. 


of Royal Lunatic Hub- 


Uot-air th^mberol House of Com- 


pitat at Cbarenton, 313. 


mons, 232. 




Hot-air /umact, as a heating ap- 


Krvaliona, 197. 


paratus, 1U7. 


GUigoTB, lofty chimney at, 103. 


In Bchool-tooma, how to bebuill, 




256. 


the diffusion of gases, 14, 






BelU General Ho»plla1, 303. 




HoiddswoTth, his plan for venti- 


H, 


liel°lal^1l^a"' "^ ^"^"^ 


Hair-clelA, for floor of Houae of 




Commona, 930. 


Houan of Com-mnm. amount of 


Hala, Dr.,hiBs!i>p-ventilator,3.14. 


venlilalion in, 183. 


Hammock on board abip, how 


Temporary, how warmed, 200. 


placed, 332. 


Home of Lorili. cause of its de- 




■Iruclion, 219. 


ease, l<M. 


Houiu, influepce of overhanging 


Hareard UnivertUy, venlilalion of 
chapel of, 34IJ. 


trecB upoQ, 354. 




Heai, currenw induced by, 133, ct 




Latant, of vapn,, tX 


in, 151. 
Howard, on evaporation, 41. 


Heating and rentilaling arrange- 


Howard, J., hia mode of cleansing 


tnenta, an aeparation of, 143. 


a la^retlo. 9G. 


Hedieu, TboinaB, on precipitatinf 




Bmuke. ina. 


the coa.bustion of, (i3. 


HoU> for diffuflion of aii in Houae 


HydroavlphuTic-aeid gas, its poi- 
sonouaqualiUea,?]. 

■ 


1 of Cammona, 231. 


■ . J 




Imptirilies \a atmrapherp, modFof 

remo.i.B, 35. 
fv^UTtty of B\r, Vim\t of, in dwel- 

ling-houeeB paitiatlj yenUUt- 

ed,320. 
[itdia, uae of Ihe TbermaDlidole 



JnTalidi, haspilii! Tor, 



Jeffreys, Julius, an the resp 



L. 

Lace-makers, dealli amonf;, fiom 
deficient Tenlilation, 178. 

lAmp Tentilation, 68. 

lABipiliick, bow precipitated from 
flmoke, lOa. 

Lamps, eiperimeotA on tlie cdh- 
Buinptionoroilbj,G4, 

Ijoindries, outlet for, 43. 

lAVoisier and Seguin, eiperimenta 

UbliaiB, tnalTBlB of cDDfiaed air, 

ea. 

Table ofbia analygia of conilned 
nir, 3e& 
LeeluTe-rooraii, mode of admitting 
air to, SSI. 
Simple mode of vpntilaling, 250 
Temperature of, 185,iio/e. 
Ventilation of. 249. 
Let, Mr., report on Sir H. Davjf'i 
plan for ventilating Houee of 
Lords, 319. 
LrgiiltUiet katli, ventilation of, 
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LiglU, comparatire value and ooM ^| 

of, 3U6. ■ 

Lighting a church, mode of.S45. ^^ 

Lights, comparative value of, 70, , ^M 

Influence of air of a veslrj on, B 

6t;. ■ 

Foot, in theatre, air from, inju- H 

rioua, 342. 1 

Lime, cause of its purifying pow- 



Maeeration, closet for, 346. 
McLean Arifium, at SomervUle, 
tesull of experimenta on ven- 
tilation in, 3U7. 
Sewers of, 374. 
Malana, auppoaed cause of, 82. 
MaasachiisetU Statt Prison, 265. 
fective ventilation of, 267. 
Membra-Hts, permeabilitj of, by 

Metallic ditsi, ita influence on the 
lungs, 87. 



Mills, steam planing and sawing, 

smote from, 90. 
Mixed movement in venlilalion, 

132. 
Moisture, alnraje exists in the at- 
mosphere, 36. 
Condensation of, on windows 

of a crowded room, 39. 
Cause of, in houses, in Certain 

Its deEciency, iniucious effecta 

of, 191. 
its inlltience on the hamui sys- 

tem, 190. 
Quanlily of, in ibf 

a\ ttTi3 \iem^ttA.M3e,'5l. 



in fluid*, 350. 
Mooing power for rVDUIatian, coal' 
■love for, 313. 
For public buildingg, SIO. 

N. 

JVavy, Eng;UBh,Tentilstianin,333. 
French, mode of veotilalioo prO' 

pored for, 334. 
JVetB Jerscji SlaiK Lunilic Hoapi- 

Ul, venlilBtlnQ and wuming 

of, 3U9. 
•ffilrogen and oxjgea, their 

pounds, SS. 
MtTogea, iiB reUtian to oil anim&l 



Not B 






It of 



Proportiyn of, in the atniosphei 



Ohio. Bhip-of-lhc-line, how Tent 

Uled, 338. 
OU, compoaitioa of, 70, 387. 

ProduclB of combustion of, 63. 
OliMted Itovt, 11 G. 
Owon, injury of effect of, by open 

ingB ID ceiling, 242. 
Orlop-deck, i\a TenUlstioD, 337. 
Oxygea and nitrogen, llieir com 



Proportion 



a, SG. 
in of, 
■,31. 



the atmoB- 



Oaizfi gaa, its propertiea, S3. 

&..n,pU.n:r,5ao. 

DuniBB on tbe amount of, in the 
atmospheie, 7. 

;e on blood, 53. 



Hart 



1,22. 



□ed; in disegse, 



of, from coal-bLacka, 



of.annojan 
ack>, 112. 



Parliament, Hooiei of, eixJ n 
■umed in TCDtilating. ITS, 

, eipenfe of CDnling 4 

for, iiSr, Kate. 

, how df slroycd, 219. 

New Houses of, ceUar.for whlL 
to be need, 237. 

, cost of lentiUtine, 3%. 

, Tentilatins tower («, 

237. 

ventilation of, 236, 

Pidtl, on Combe's fan, 11)3. «". 

On ventilationof Frenoh dum- 
ber of Peer., 240. 
Peers, French Chamber of, ilJ di- 



— ■ — , ventilation of, 338. 
PennaylsaniaprisinUiph 
PeRtoHvilU Priaon, '" ' 



CaflB, »ze of. 273. 



...ifpOI. 
fumue of, 

log, m. 

veutiltliB, 

CooBumplionoffuelin, for m- 

tilalion, 360. 
DeBcription of venliUtitB of. 

S7G. cI trq. 
DifliiBion ot'ur in, 27U. 
Dr. Reea's repait on the eatUr 

tion of, 289. 
Foul-ail flue in, 277, 

ahHftin.279. 

Hjgromelric condition of lii ifi 



Itaoi 



11,273. 



ModilicaUoDB of the plui to 

New Ii:'ieland,29S. 
Plan of, 272. 

KegDlstine-Tilvei Died in, SSi, 
Section of7 875. 
Tables of the temperalare of, 

290. 
Temperature of, hoiv ledneedi 



Warming, condiuon. for, 28i. 
Windows of, how arranged, 273- 
Ptrnpiralian, amount of, til. 

'■« influence on endurance of 
heal, 61. 
PeStrtburg, St., influence of (an. 

hght on soldien at, 309. 
PlanU, appropriala carbonic acid, 



r 



FloTiti, conititiienui of, 3. 
Flouriih with air and waler on- 

Iy,4. 
Liberate o»ygen, 5. 
NoariBbmetiL of, whence de- 
Produce organized mailer, 5. 
Plenum movement in ventilation, 

131. 
Pimilkt, on TentiUtion of French 

Chamber of Peers, 340. 
PoKtr, Moving, fur public build- 
Fur ventilation, 142. 
When required for Tenlilalion, 
143. 
PrUon, Auburn, [ilan of, SGI. 
Cells, influence of size on ven- 
tilation, 271. 
Charlestown, description of,265. 

, how warmed, StiC. 

, defectiie ventilatic 



of Commi 
new Uouae of Fnrlin- 

ment, Sff. 
On Dr. Desaguiiera'a oioda of 

Represtntalimii, House of, veloci- 
ty of air in air- Lubes of, 4t)3. 

RerpirBiinn, how performed, 50. 
Its object, 41). 

RespiTutions, number of, per min- 
Lite, 50. 

RespiralOTs, JefFreys's, objectiona 
to tbe use of, 1<>3. 

RBtpiratory orgam, hospital far 
the treatment of diseases of. 



J'riton Diaciptine Society, erro' 

Ijlatinn ofprisoD-celis, 368 

PrUans, New England, warm: 

and ventilating apparatua 1 

sua. 

Officers of, impotlance to, of 
acquaintance nith the prii; 
plea of ventilation, 294. 

, their neglect of vent 

tion,2G9. 
VentilaLion of, 264. 
Prmex, bad air from, how p 
ented, 369,3'- 



Roe, John, on aeweis, 3G5. 
Roltax, St., chimney at, 103. 
, Royal LuTialic Hiispilalnl Cbaren- 

3ia'. ' 

Radberg, on the expansion of gaa- 
ea, \E. 
', Ramford. Count, hia inetrument 



InBue 






uids froi 



Removal of 
Front, Dr., OQ 

acid geueiated, 53. 
Pulpit, mode of ventilating, 347, 
Pum}>3, their convereion into ven 

tilating-tubes, 337. 
Pyroligntovs acid, how formed, 

93. 



Saint Martin, on chimne;-topa, 

Saumre, hia observationa on 

clooda, 40. 
ScAoof-imisM, influence of open 



1, !&4. 



-of Bl 

nee of bad 



arrangem 



It of 



Ventilation o; 
School-Toomi, [ 



Rees, Dr. Owen 
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Sripol-nMHW, nunmrT TentilBtion 

VrDlilitinf -firrplice Tor, 25S. 
VeoIitiling-itoTe Tor, K>8. 
Scott, tmognoeot of, Tor reatih- 
lion, «W- 

oD reepinlion, 51. 
Semtrage, imprareiDenls in, 363. 
5ntar>, 3U2 

Amounl of fall 10,364. 

Chimiwy for TentilUing, 104. 

Ckuuio; of, d&i, 

CDiTcd bollom, 363. 

■ Form of, 363. 

W InBurnce ofeurve* in, 366. 

■ of rigiil »ngle« in, 365. 

Offensive amelli from, bow pre- 
vented, 105. 

Of Puis. DacbStelel on, 97. 
Sectiom of, 364. 
Siipi, condition of (he sir in, 331. 
Opening! by which air enters, 



Siplioii. Mr. Ttedfold's, Toi dwel- 
ling-houses, 320. 
Sirocto, iU moistore, 193. 
Ski*, ■ secreting orgsn, 60. 

Gl&odi of, 60. 

Secretea carbonic acid. 61. 
Smakt, combustion of, 105, 

, its eoonomy, 107. 

Components of, 91. 

Definition of, 91. 

MeUllic, <)4. 

NuiauiM of, 90. 

PrecipiUlion of, 100. 

Varioui kinds oT, 91. 
Soil, how n«ceiaai7 to plants, 4. 
Soil-pipa, how freezing of, cin be 

preveDled, 371. 
SnoiD, etapotation from, 43. 
Soldieri, in barraekii, itifluence ol 

innlighl on health of, 303. 
Somtrvillt BIcaclieri/ and Calen- 
dering Company, chimney of 



Snot, its injurioUB effcolJ, 
Sound. condiUons of the 
P adBplMl for, 311. 



91- 



T beat 



Soiaid, inSoeBee ofTen^ationeB, 

241. 
SIttge of Thealret, Tentllalisn nf, 



Tenlilatiog-flaei, 2 
Slate-roomt on board ship, how 

ventilsled, 337. I 

SltambmUi, ease with whieb thej 1 

ma; be ventilsled, 340. I 

Great impurity of air in, dnrins J 

nighl,34l. • 

Plan for veotitalioD of, proposed, j 

340. ' ^ i 

Sleam-jn, for ventilation, 143. 
Slench-lraps, 367. 

StoBta, air-tight, their efleot opori. % 
chimneys, 93. ■• 

, why economical, 182. 

In dwelling- houses, bov to be 
made availible for ventila- 
Uon, 333. 
Olmsted. 116. 

Parloar, for ventilation, 383. 
Their value as Tenlilnton, 318, 
SlreaJi, Air. 338. 
Suipkurous acid, 84. 
How produced, 84. 
Mode of rem ovine, 97. 



ItsinSm 

Supposed canre of malaria, S9. 
Sammtr vtRlilatim, how managed 

in dwelling-houses, 317. 
Sun-lighl, \\a influence an p]i ' 

SvTgemu, niililarj, on the , . 

pnrtBQce of Tentilalioc hdv 
pitsls, 294. ' 



Tubie, aniilomicii 

344. 
Talahot, M., his arnuizementi bt 

ventilating Preni£ Chamber 

of Peers, 339. 
TalloiB, composition of, 70, 387. 
Prodncls of the combualion oi; , 

Tetnptrature of chi 
mom of, 151. 
Its inltuence on quanUly of 

Tena\TCi,\W- — 7 



I 
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tanperalare of a lecture -room, 


yooium and planum venlilalion 


^S5, nolo. 


compared, 173. 


or a raoio at diSerenl hejgliU, 

189, 
Peculiarity of indiriduali with 


P'acuum, velocity witii which air 

enter, a, 15. 
Vatnitk, copal, mode of deslroj- 


regard lo, 165. 


ing vapor from lla nmnufao- 


Table of, in the House of Com- 


ture, 9d, 


mons, 2S6. 


Valvta for air-flues, in asyluma 


remperin^air, 211. 


for insane. 312. 


TlieatTet, carridots of, to be used 


In air-fluea of Fentonville Pris- 




on, 2B5. 




For air-flue in dwelling-houaca. 


M2. 


310, 


HoTtnit power for the ventila- 


fan* for turn-caps, new form of. 


tion of. M3. 


atiO. 




Vapor; their propertiea, 9. 


Ventiialion of sUge, 243. 


Aqueous, given off by ligbta, 


TkenuTd on veniilsJon of Frepeb 


05, 


Chamber of Peers, 340. 






Amouolor,ine<pirEd»ir,6e. 


330. 


Andsir, mixture of, 42. 




And gases, tfaeir similarity, 9. 




Latent heat of, 43. 


effects of, 248. ' 


Offensive, easy way of con- 


Trade-winds, causes oi; 34. 


Biiming them, 07. 


Tredgold, Mr,, on chimney-tope, 


Specific gravity of, 10. 


363. 


Table of force of. 383. 


On Teutilnting churches, 547. 


Wfllery, weight of, in a subio 


On venlilaling tl welling' houses, 


fool of air, 382. 


■m. " " 




Tnals, ciowda at, 205. 


current 200. 


l^M, movement of air in, 113, 


VaUilatiHg nnd heating arrange- 
ments, on separation of, 143. 


Bt«J. 


Turn-cup,, 348. 






mode of, 341, 


. Experimenia on, 357, ef tea. 


VtBtUating aTTangemtnU, mode 


IntSllion of, 34ri. 


of examining, 140, 


Mew f-rro of vane for, 360. 


VtMilatiag-chmneu, section of. 


OhjeoUons to use of, 3liO. 


ir.5. 


Variety of, 34S. 


Comparison of, with other 




in.>ries, ItiO. 


U. 


renlilaling currnl, downward di- 




rection of, when desirable. 


V*^td Slates, frigate, how venti- 


2!ll. 


lated, 3.18, 


Modeof cooling, IDS. 


Sbips of war, use of conioal ven- 


Direalioi) of, SUI). 


tilator in, 333. 




Dre. Dr., on candles, 383. 


Prison, -im 


His explanation of flame, GS. 


In contact with smoke-Hue, 301. 


On plenum movement, 176. 


How made ornsmeolHl, 213. 


1 On ventilaling-bn., 171. 


Present condition of, in some 


3 


prisons, 2ti!). 


V. 


Inefficiency of, without moving 




power, 2fi7. 




Staircases, bow converted into, 


132. 


213. 






I 

^^H VetoUatiim, smaunt or, required 

^^^H Amount of, by whnt delermin- 

^^B ed, SUT. 

^^^B ArTBagemenls for, perminenc; 

^^m ' or, ^6. 
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yeMiltUiiig-Jhu 



f'eniUaling-u 



1 



te or Com- 



for. 171), e 



Illus 



133,1 



ving power 
B of the practice of, 



iig. 



lis I'ffect oi 

Ila influence on aauad, 241. 

lU objectB, 1. 

Limit 10 the nmoont of, IBI. 

Moving power Tor, 142. 

Ur anatODiiciil rooois, 342. 

or aayluniB for the insane, 3( 

Of chapela, 246. 

Of dwelling-house*, 314, 326 

Of French Chamber of Pee 



Of h 



a, 294. 



in 2 power for. 3D0. 
Of iect'ure-rooniB, 319. 
Of the New Jersey Stale Luna- 
tic HospilBl, !tO!). 
or FentoDTille Prison, S74. 



Of pi 



3,364. 



ning . 



for. 



B, 3-il. 
VmtUatoTs, 348. 
Conical, wh7 rejected on 
United Slates ships, 33 
Improperly placed, 139. 



Vermont "Stsle Lnnstii 
■ysteni ofvenlililii 

jniiattd air, of what g 
I; composed, 72. 

FitiatioK of air, limit nl 



WalU, vaulled, advantage of.iMT, 

Wards, convatCBcenl, in hoejNlili, 

advantBges of open fire is. 



Warren, Capt., on blow-pipe cowl, 



, in temoving odots, 3T4. 

Supply of, for waler-cloBels, 372. 
WaUr-cloieU'ia hoepitalH, TealJli- 
lion of, 299. 
Expense of, compared with Ihit 

of privies, 371. 
SeoUon of, 369. 
WaU, Mr., his mode of coninra- 

ing RiDoke, IU6. 
Wai, composition of, 70, 337. 
Products of the cumbustion o£ 

03. 
Production of, 377. 
Weatktr, iu influence on amount 

of Tenlilation, 1H3. 
WUlUmt, C. W., his smoke-bam- 

er, 1 10. 

Windowii, cooling efiecl of, 389. 

Cold carrents induced by, IS3 

Double, importance of, IIS. 

, cheap mode ofmaldoi 



WindmUl ventilator, 168. 

Winds, blowing acrona chia- 

ney-top, their influeaoe oa 

draa^ht, 319. 

heir influence on vcDlilaliai 
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Winds, how produced, 32. 

Velocity of, calculated, 34. 

Trade, causes of, 34. 
JVind-sailf how constructed, 333. 

Useful to convey air, 340. 

Useless in a calm, 333. 
Woodf decaying, produces carbon- 
ic acid, 75. 
Wood, Riddal, report on schools of 
Liverpool, 255, note. 



Wounds durinff dissection, bad 
effects of, $42, note. 

Wren, Sir Christopher, his plan 
for ventilating House of Com- 
mons, 214. 

Wyman, Dr. Rufus, on ventilation 
of McLean Asylum for the 
Insane, 307. 



